


I 

envronmeno 

conservo 1on 
The Oil and Gas Industries 

National Petroleum Council/1982 
Alton W. Whitehouse, J r. ,  Cha i rman 

Committee o n  E n v i ro n menta l  Conservat ion 



NATIONAL PE TROLE UM C OUNC I L  

Jo hn F .  Booko u t , Ch a i rma n 
Rober t Mo sbache r ,  Vic e  Cha i rma n 

Ma r s ha l l  w. N i chol s ,  Ex e c u t i v e  Di re c to r  

U . S .  DE PARTM ENT O F  ENERGY 

Jame s B .  Edward s ,  Se cre tary 

The Na t i o na l  Pe tro l e um Counc i l  is a f e d e r a l  
ad v i sory c omm i ttee to t h e  Sec re tary o f  
Energ y. 

Th e so l e  p urpo se of the Na t i onal Pe tro l e um 
Counc i l  i s  to ad v i s e , in form , and ma ke 
recomme nd a t ions to the S e c re ta ry o f  Energy 
on any ma t te r  reque s ted by th e Secre t a ry 
re l a t i ng to pe trol e um or the pe t ro l e um 
i nd u s t ry . 

Al l Ri g h t s  Re served 
Library of Cong re s s  Ca t a log Card Numbe r :  8 2 - 8 1 9 9 4  

© Na t i onal Pe tro l e um Co unc i l  1 9 8 1  
Pr i n ted i n  the  Un i te d  States  o f  Ame r i c a  



TABLE OF CONTENTS 

L IST OF TABLE S i v  

L IST OF I LLUSTRAT I ONS . v i i i  

I NTRODUCT I ON . . • . . . • . . . . • • . • • . . . . . . . • . • . . . • . . . • • • . . • . . . • . • • . . . 1 

EXECUT I VE SUMMARY 

F i nd i ng s  a nd Conc l u s ions . 
S ummary o f  C os ts P a s t  a nd F u t u re . 

CHAPT ER ON E : GENERAL CON S I DERAT IONS REGARD ING E NVI RONME NTAL 
CONS E RVAT I ON 

3 
1 0  

I n trod u c t ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  
U . S .  E n e rg y  a nd Pe t ro l eum S upply/Demand P ro j e ct ions . 1 6  
Leg i s l a t iv e  and Reg u l a to ry Cons id e r a t i o ns . . . . . . . . . . . .  2 4  
C os ts o f  E n v i r onme n t a l  Con trols  to the Pe t ro l eum I nd u s t ry 4 3  
Re f e r e nc e s  a nd N o t e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . .  5 7  

CHAPTE R  TWO : EXPLORAT I ON AND PRODUCT I ON 

I nd u s try Ope r a t ions . 

I n troduc t i on . .  
Explora t ion . . .  
Dr i l l i ng a nd Compl e t ion . 
Prod u ct ion . . . . . . . . • • . . .  

Natural  Gas Proce s s i ng . .  

6 1  

6 1  
6 3  
6 6  
8 7  
9 9  

u .s .  Re source B a s e  . . . . . . . . . . . . • • • • • . . • . . . • . • . . . . . . . . . . • • .  1 0 5  

Conve n t ional l y  Prod u c ib l e O i l  and Ga s .  
T ig h t  Gas Re s e rvo i r  Poten t i al . . . . . . . • • •  

Enhanced O i l  Re cove ry Pot e n t i al . . . . . .  . 

Env i ronme ntal  

Land 
Land 
A i r  • • .  

Water . .  

Cons i d e r a t ions . • . . . . . .  

Ons hore . .  
O f f s hore . 

Was t e  Manageme n t  . •  

E nv i ronme n t a l  E xpe nd i t ures . • .  

1 0 5  
1 0 8  
1 1 1  

1 1 2  

1 1 2  
1 4 3  
1 6 4  
1 7 3  
2 0 2  
2 0 5  

Referenc e s  a nd Notes  . . . . . . . . . . . • . . . . . . . . . • . • . . . . . . • . . . . . .  2 0 6  

i 



CHAPTE R  THRE E : REF I N ING 

I nd u s try Ope r a t ions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I n troduc t i on . . . . . . •  

Mo le cu l e s  • .  

S epa ra t ion o f  Crude  O i l . 
Conver s i o n  o f  Hydroc a rbon 
T r ea t i ng Crude O i l  F r a c t ions . .  
B l e nd i ng Hyd roca rb on Prod uc t s . 
Aux i l i ar y  Ope ra t i ng F a c i l i t i e s . 
Re f i n e ry O f f s i te F ac i l i t i es . . . •  

2 1 7 

217 
2 2 1  
2 2 4  
2 3 3  
2 3 5  
2 3 5  
2 4 1  

Env i ronme n t a l  Cons ide r a t ions . . . . . . . . . . . . . . . . . . . . . . . . . . . • .  2 4 6  

A i r  . . . .  
Wat e r  . .  
Was t e  Manag eme n t  . . . . .  . 

E nv i ronme n t a l  E x pe nd i t ures . .  

2 4 6  
2 7 2 
2 9 8  
3 0 9  

Referenc e s  a nd N o t e s  . . . . . • . . • • . . . . • • . . • • • • • • . • • • • . . • • . • . .  3 1 1  

CHAPTE R  FOUR : STORAGE , TRANS PORTAT ION , AND MARKET ING 

I nd u s try Ope r a t i ons . 

I n trod u c t ion . .  
S to rag e . . . • . . .  

Transpo r t a t i on . .  
Marke t i ng . . . . . .  . 

3 1 7  

3 1 7  
3 1 9  
3 2 9 
3 5 8  

Envi ronme ntal  Cons i d e r a t ions • . . . . • • . . . . . . . . . . . . . . . . . • . • • .  3 6 3  

I n trod uc t i on . 
A i r  . . . . . . . . . .  . 

Wa t e r  a nd Land . 
Was te Management • •  

Env i ronme n t a l  Expend i tures . .  

3 6 3  
3 6 3  
4 0 2  
4 3 0  
4 3 5  

Re f e re nc e s  a nd N o t e s  . . . • • • . . • . . • . . • . • . . . . . . . . . • • • . . . . . • . .  4 3 6  

CHAPTER FIVE : PRODUCT US E 

I n trod uc t ion . .  
F ue l s  . . . • . • •  

Lub r ic a n t s  . .  
Aspha l t s  • . . .  

Re fe rences . • . • • . .  

ii 

4 4 3  
4 4 3  
4 7 3  
4 7 4  
4 7 5  



CHAPTE R  S I X : FATE AND EFFECTS OF SPI LLS 

I n tr od u c t ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 7 9  
H a z a rdous S ub s tance S p i l l s  . . . • . • • . . • . • • . . . . • . . • . . . . . . • . • •  4 8 0  
O i l  Sp i l l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 1  
O i l  S p i l l Contro l  Measures . . . • . . . • . . . . • • . . . • . . • . • • . • . . • . •  4 8 4  
Con t i ng ency P l a n n i ng for Re sponse to O i l  S p i l l s  . • . . . . . . . .  4 9 1  
Quan t i f i c a t ion o f  O i l  i n  the E nv i ronmen t  . . . . . • • . . • . . • • . • .  4 9 3  
Fate o f  O i l  S p i l l s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0 4  
E f fe ct s  o f  O i l  S p i l l s i n  the Mar i ne E n v i ronme n t  . . . . . . . • • .  5 0 7  
Re fe r e nc e s  and Notes . • . • . . . . . . . . . . . . . . . . . . . • . . • • . • • • . . . . .  5 2 5  

CHAPTE R  S EVEN : ENE RGY FAC I LITY S I T ING 

I n trod uc t ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 4 3  
I nd u s t ry E x pe r i e nce . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • . .  5 5 9  
Re fe rence s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 8 1  

CHAPTER E I GH T : OTHER I S SU E S  OF THE 1 9 8 0 ' S  

Ac i d  Ra i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 8 5  
C0 2 " Gree nhou s e " E f fe c t  • . . . . . . • • . • . • . . . . • • . . . . . . . . . • • • . . . 5 9 0  
I ndoor A i r  Po l l u t ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 9 3 
Na t ional Amb ie n t  A i r  Qua l i ty S tandards • • . . • • • • • • . . . . • . • . •  5 9 4  
Re f e rence s . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 9 6  

APPENDICE S 

Appe nd i x  A :  

Appe nd i x  B :  
Append i x  C :  

Appe nd i x  D :  

Appe nd i x  E :  

Appe nd i x  F :  
Appe nd i x  G :  

Reque s t  Le t t e r , De s c r ip t ion o f  the NPC , 
a nd NPC Memb e rsh ip Ros ter • • . • • . • . . . . . . . . . . . .  A- 1 
Comm i t tee and S ub g roup Ros te rs . . • . . . . . . . . . . .  B- 1 
E n v i ronme n t al a nd Resource Conse rvat ion Laws 
Enac t ed by Cong r e s s ,  1 9 7 0- 1 9 8 0  . . . . • . • • . . • . • •  C- 1 
S u mmary o f  Comme n t s  on S ynthe t i c  F ue l s  and 
the E n v i ronment . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D - 1  
E xe cu t i ve S ummary , u.s. Arc t i c O i l  a nd Gas  
( prepared b y  the  NPC Commi t t e e  on Arct i c  O i l  
a nd Gas Resourc e s ) . . . . . • . . . . . . . . • . . . . . . . . • . •  E - 1  
Ac ronyms and Abb rev i a t ions . . . . . . . . . . . • . . • • . •  F- 1 
I ndex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G- 1 

i i i  



L I S T  OF TABL E S  

CHAPTER ONE : GENERAL CONS I DERAT I ONS RE GARDING 
ENVI RONM ENTAL CONS ERVAT ION 

Tabl e  P a g e  

1 :  U . S .  Ene rg y  Co n s ump t ion and Gro s s  Na t ional Prod u c t - -
1 9 6 0 -1 9 9 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7  

2 :  u . s .  Ene rg y  Co n s umpt ion - - 1 9 6 0 - 1 9 9 0  . • • . • . . . . • • . • . . . . 2 0  
3 :  u . s .  Pe t ro l e um S up p l y -- 1 9 6 0 - 1 9 9 0 . . • • . • • • . • . . • . • • . • •  2 1  
4 :  To ta l  u . s .  Demand for Prod u c t s - - 1 9 6 0 - 1 9 9 0  . . . . • . . . • . 2 3  
5 :  S t a t u s  o f  IMCO-Re la te d  I n te rna t iona l Conven t ions • . • • .  4 0  
6 :  S ummary o f  E n v i ronmen t a l  Expend i tu r e s  o f  the 

Pe t ro l e um Ind u s t ry -- 1 9 7 1- 1 9 8 0 . . • . . • . . • . . • • . . • . • . . • •  4 5  
7 :  To tal Envi r onme n ta l  Expe nd i tu r e s  o f  the Pe trol e um 

Ind u s t ry -- 1 9 7 1 - 1 9 8 0  • • • • • . . . • . . . • . • • • . . • • . . • . • • . . . • •  4 6  
8 :  En v i ronme ntal  Capi t a l  Expend i tures o f  the Pe t ro l e um 

Ind u s t ry - - 1 9 7 1 -1 9 8 0  • • . . • • • . . • • • • • • • • . • • . . • . • • • • . • . .  4 7  
9 :  En v i ronme n t a l  Adm i n i s tr a t ive , Op e ra t i ng , a nd 

Ma i n tenance Expend i t ure s o f  th e Pe tro l e um Ind u s t ry - -
1 9 7 1 - 1 9 8 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 8  

1 0 :  Env i ronme n ta l Re s e arch and Developme n t  Expend i t u re s  
o f  the Pe tro l e um I n d u s try -- 1 9 7 1 - 1 9 8 0  • . . • • . . • . • • • . . •  4 9  

1 1 :  To t a l  Ann ua l i ze d  Cos t s  o f  Env i ronme n ta l  Re g u l a t ion s 
to the Pe t ro l e um I n d u s try -- 1 9 7 0 - 1 9 9 0  • . • • . . . . . . • • • . .  5 2  

1 2 :  Cumu l a t ive Cap i ta l  Inves tme n t  Expend i t ure s o n  
Env i ronme n ta l  Reg u l a t ions b y  the Pe tro l e um I n d u s t ry - -
1 9 7 0 -1 9 9 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 3  

1 3 :  An nual Cap i tal  Inve s tment o n  Env i ronme ntal  
Expe nd i t ur e s  by th e Pe t rol e um Ind u s t ry - - 1 9 7 0 - 1 9 9 0  • •  5 4  

1 4 :  Ne t Ope r a t i ng Co s t s  o f  Envi ronme ntal  Re g u l a t io n s  
t o  th e Pe t ro l e um Ind u s t ry -- 1 9 7 0 - 1 9 9 0  • . . • • . . • . • • • • • •  5 5  

1 5 :  Es t imated I n c reme n t a l  Po l l u t ion Ab ateme n t  
Expend i t ure s -- 1 9 7 9 - 1 9 8 8 • . . . • • . . • . • • • • . . . . • . . . • . • • • •  56 

C HAPTER TWO : EXPLORATION AND PRODUC T I ON 

1 6 :  Es t im a t e s  o f  Und i s cove red Re coverab l e  O i l  and Ga s 
Re sour c e s by Pe t ro l e um Reg ion . . . . . . . . . . . . . . . . . . . . . . . .  1 0 9 

1 7 :  u . s .  T i g h t  Ga s Re source and Re covery Es t imates • • . . . . .  1 1 0  
1 8 :  E s t ima t e s  o f  Ul t ima t e  Re coverabl e Oi l and Da i ly 

Prod u c t ion Ra te s from En hanced O i l Re cove ry . • . . . . . . . •  1 1 1  
1 9 :  Acre s o f  Land Managed by Fed e ra l  Agenc i e s  a s  o f  

Ju n e  l , 1 9  8 1  • • . . . • . • • . . . . • • • • • • • • • • . • • • . • . • • • • • • • • • • • 1 1 2  
2 0 :  Example s  o f  S t a t e  Lea s i ng and B id d i n g  Sys tems . . . . . . • .  1 3 1  
2 1 : F i na l  F i ve - Ye ar OC S Oi l and Ga s Le as ing S c h ed u l e  - -

June 1 9  8 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4  7 
2 2 :  Dr a f t  Propos e d  F i ve-Ye ar OC S Oi l and Ga s Le as i ng 

Sched u l e - - Apr i l  1 9 8 1  . . . . • • • • . . . . • • . • . • • . • • . . . . . • . • • 1 4 8  

iv 



L I S T  OF TABLES ( Co n t i n ued ) 

Tab l e  

2 3 :  Current Con t ro l  Techno log i e s  Perm i t ted for Larg e 
Na tural Ga s Pr oce ss ing Pl an t s  ( So ur Ga s Pl an t s ) 
Loca ted i n  th e Wyomi ng /Utah Ove r th r u s t  Be l t  • . • • • • • • . •  1 7 2  

2 4 : Repo r te d  I n c id en t s  of Explorat ion and Prod u c t io n  Oi l 
Sp i l l s  - - 1 9 7 9 - 1 9 8 0 . . . . • . • • • • . . . • • • . . . . • . • • • • • . • . . . • . 1 7 8  

2 5 :  Po l l u tants i n  Prod uced Wa ter Lo u i s i a na Co a s t a l  • . . •  1 7 8  
2 6 :  Po l l utants i n  Prod uced Wa te r - - Ca l i for n i a  Coa s ta l  . . .  1 7 9  
2 7 :  Po l lu ta n t s  i n  Pr od u c ed Wa ter - - Te x a s  Of fshore • . . . . . .  1 8 7  
2 8 :  Hol e S i ze and Ca s in g  Progr am for a Deep Wel l  . • • . • . . • •  1 8 9 
2 9 :  Suspe nded So l id s  Conc e n tr a t ion and Tr ansm i ttance v s . 

Di s tanc e Dur i n g  H i g h  Rat e  Di scharge • . • . • • • • • . . • • . . . . .  1 9 2  
3 0 :  Se d im e n t  Di scharged to Ma r i ne Envi ronmen t  • • . • • . • • • • . .  1 9 9  
3 1 :  Envi ronmenta l Expend i t ures i n  Explora t ion and 

Pr od u c t ion - - 1 9 7 1 - 1 9 8 0  . . . . . . • . . . . . • . • • . . • • • . • . . • . . • .  2 0 4  

CHAPTER THRE E : REF IN ING 

3 2 :  New Sourc e Per formanc e Stand ard s fo r Pe t role um 
Re f i n e r i e s • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 4 7 

3 3 :  Es t ima t e s  o f  To ta l Emi s s ions f rom Re f i n e r i e s  --
1 9 7 0 a nd 1 9 7 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 8  

3 4 :  Source s and Con tro l s  f o r  Ai r Pol l u ta n t s  f rom 
Re f i n e r i e s • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 5 9 

3 5 :  Po ten t i a l  Sources o f  Re f i ne ry Em i s s ions o f  S u l f u r  
Compound s . . . . . . . • . . . . . . • . . . . . . . . . . . . . . . • • . . . . . . . . . . • . 2 6 0  

3 6 :  Typ i c a l  Rang e o f  Compos i t ion o f  C l a u s  P l a n t  Ta i l  Gas . 2 6 2 
3 7 :  Re f i ne ry So u r c e s  o f  NOx f rom Comb u s t ion . • • . . . • . . . • . • .  2 6 7  
3 8 :  Re f in i n g  Ind u s t ry Wa s t ewa te r Fl ow Vo l ume • . . . • • . • • • . • •  2 7 4  
3 9 :  Long-Te rm Ac h i evable E f f l ue n t  Co nce n t r a t ions  by 

Re f i n e r i e s  Us i n g  B PT Te chnology . . . . . . . . . . . . . . . . . . . . . .  2 7 5  
4 0 :  Re f i ne ry E f f l u e n t  Di scharg e s , Di rec t Di schar g e r s  • . • • .  2 8 0  
4 1 :  Ha zard ous Wa s te s  of the Pe trol e um Re f in i n g  I n d u s t r y  

as De f i ned b y  t h e  RCRA Reg u l a t ions ( May 1 9 8 1 ) . . • . . • • • 3 0 0  
4 2 :  Ind u s t r i a l  Ha z a rdous Wa s t e  Generat ion and D i s po s a l  --

1 9 8 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 1  
4 3 :  E s t ima t e s  o f  Re f inery Wa s t e  Di sposa l Me thod o l og i e s  

Ut i l i ze d - - 1 9 7 3  a nd 1 9 8 3  . . • . • . . • . . • • • . . • . • . . • . . • . . . .  3 0 2  
4 4 :  Compar i son o f  1 9 8 1  Of fs i t e  Capa c i t y  Demand and S upp l y  

b y  E PA Re g ion and Pr oj e cted Capac i ty Expan s ions . • . . . .  3 0 4  
4 5 :  Env i ronme n t a l  Expend i t ur e s  in  the Pe trole um Re f in in g  

Se c tor - - 1 9 7 1 - 1 9 8 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 0  

v 



LIST OF TABLES ( Co n t i nued ) 

C HA PTER FOUR : STORAGE ,  TRANSPORTATION , AND MARKET IN G  

Tabl e  Page 

4 6 :  Oi l and Ga s Tra n s por tat ion Fac i l i t ie s  • • • • . . • . . • . • . • . • 3 1 8 
4 7 :  u.s. Pr imary Di s t r i b u t ion Sys tem To tal She l l  Capac i ty 

o f  Tankag e - - Sept embe r 3 0 , 1 9 7 8  . • . • • . . • • • • . . . . • . • . • •  3 2 2  
4 8 :  Wor l d  Me rchant  and Ta nke r  F l e e t s - - 1 9 7 1  a nd 1 9 8 0  • . • •  3 4 8  
4 9 :  Con t ro l l i ng Depth and Max imum Perm i s s ibl e Si z e  Ve s se l s  

for u.s. Po r t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 4 9  
5 0 :  1 9 7 9  Hyd roc arbon ( VOC ) Emi s s ions . • • • . • . • • • . • • • • . • • . • • 3 6 6  
5 1 :  Es t imated Hyd rocarbon Em i ss ion Tr end s - - 1 9 7 0 - 1 9 7 9  • • •  3 6 7  
5 2 :  1 9 7 7  N i troge n Ox i d e  Emi s s ions . . • • . • • • . . . • . . . • • • . • • • . • • .  3 6 8  
5 3 :  Chara c te r i s t i c s  o f  Pr e ss ur e  Ve sse l s  . • • . . • . . . . • . . . • • . . . 3 7 3  
5 4 :  Compari son o f  Emi s s ions f rom Typ i ca l Ga sol i n e  Storag e 

Ta nk s • . . . • • . . • • • . • . . . . . • . . . . . . . . . . • • . . . • • . . • . • . • . . . . • 3 7 6  
5 5 :  Hyd roc a rbon Emi s s ions f rom Ga sol ine Ser v i c e  Sta t io n  

Opera t ions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 9 7 
5 6 :  Re ported Oi l Sp i l l Inc idents  for So urces i n  Storag e ,  

Tr anspo r t a t ion , a nd Ma rke t i ng -- 1 9 7 9- 1 9 8 0  . • • . • . . • • . .  4 0 5  
5 7 : E nvi ronme n t a l  E xpe nd i tures i n  Storage , Transpo rt a t ion , 

and Mark e t i ng - - 1 9 7 1 - 1 9 8 0  • . • • • . • • . • . . . • . . . . . . • . . • • . .  4 3 4  

CHAPTER F I VE :  PRODUC T  USE 

5 8 :  Maj o r  Pe trol e um Prod uc t Use by Sec to r - - 1 9 8 0 . . . • • • • •  44 4 
5 9 :  Nat i on a l  Es t im a t e s  o f  Su l f ur Ox i d e  Em i ss ions - -

1 9 7 0 - 1 9 7 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4 6  
6 0 :  Na t i on a l  Es t im a t e s  o f  Pa r t i c u l ate Em i ss ions  - -

1 9 7 0 - 1 9 7 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4 7  
6 1 : Na t i onal E s t imates o f  Ca rbon Mo no x i d e  Em i s s ions  - -

1 9 7 0 - 1 9 7 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4 8  
6 2 :  Na t ional E s t im a te s o f  Vo l a t i l e  Or gan i c  Compound 

Emi s s ion s - - 1 9 7 0 - 1 9 7 9 . . . • • • . . . . • . . • • • • • . • . • . • • • . • • . .  44 9 
6 3 :  Summary o f  Na t i on a l  Em i ss ion E s t ima t e s - - 1 9 7 0 - 1 9 7 9  . .  4 5 0 
6 4 :  Su l f u r  Ox id e Emi s s ion s f rom Fue l Combus t ion i n  

St a t ionary So u r c e s - - 1 9 7 0 - 1 9 7 9  • . • • • . . . • . • . • . . • . • • • . •  4 5 1  
6 5 :  Par t i c ul a t e  Emi s s ion s f rom Fue l Combu s t ion i n  

St a t ionary So urce s - - 1 9 7 0 - 1 9 7 9  • . . • • . . . . • . . . • . • • . . • . •  4 5 5  
6 6 :  Na t ional E s t i ma t e s  o f  N i t rogen Ox id e Emi s s ion s --

1 9 7 0 -1 9 7 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 5 9 
6 7 :  Ni trog e n  Ox id e Emi s s ion s f rom Fue l Combu s t ion i n  

St at ionary So u r c e s - - 1 9 7 0 -1 9 7 9  . . . • . . . . . • . . . • . . . . . . • .  4 6 0 
6 8 :  Corporate Ave r a g e  Fue l Economy Stand ard s --

1 9 7 8 -1 9 8 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 6 6  
6 9 : Ra t io o f  C a l i forn i a  MPG Leve l ( Comme r c i a l F l e e t s ) to 

Other 49 S t a t e s ' Ave rage -- 1 9 7 6 -1 9 8 0  • . • • • . . • . . . . • • . .  4 6 9  
7 0 :  Na tural  and Ma n -Mad e Hyd roca rbons and N i t ro g e n  Ox i d e s 

i n  the Un ited States  • . . . . . . . . . . . . . . . . . • . . . . . . • . . • • . . . 4 7 1  
7 1 :  Ga so l i n e  Demand and Le ad Us e -- 1 9 7 1 - 1 9 8 1  • . . • • . . • . . . .  4 7 2  

v i  



L I S T  OF TABLES ( Co n t i nu e d ) 

CHAPTER S I X :  FATE AND EFFECTS OF S P I LLS 

Tab le Page 

7 2 : H a z a rdous S ub s tances Common i n  the Re f i n i ng I nd u s t ry • 4 8 1  
7 3 : Spi l l s o f  O i l  and O t h e r  S ub s tances - - 1 9 8 0  • • • . • • . • . . •  4 8 3  
7 4 : Compone n t s  o f  the N a t i onal Con t i ngency P l a n  . • • • • • • . . .  4 9 3  
7 5 :  Sou r c e s  o f  Pe troleum E n t e r i ng the Oc e a ns • . . • . . • • . . . . •  4 9 6 
7 6 : Ave rage Va l ue s  of Hydrocarbons i n  Wa te r . • . . . • • • . . • • • .  5 0 1  
7 7 : Co ncentrat ion o f  Hyd roca rb ons i n  S e d i m e n t s . . . . . . . . . . .  5 0 2  

CHAPTER SEVEN : ENERGY FAC I LITY S IT ING 

7 8 :  Ma j o r  Laws and Reg ul a t ion s Con s tra i n i n g  Energy 
De velopmen t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 4 4  

7 9 :  Li s t  o f  Pe rmi t s , Reg ul a t ion s , and Cl e arance s 
Re q u i red by the Federal Governme n t  and the S t a t e  o f  
Colorad o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 5 

8 0 :  Gu id e to Federal  Pe rmi ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 4 7  
8 1 :  Leg i sl a t ive and Reg ul a tory Pe rmi t s  Req u i re d  f o r  

Pl a t fo rms Gi na and Gi l d a  • . . . . . • . . . • • • • • • • • • • • . . . . . • • .  5 6 0  
8 2 :  Pos s ib l e  Env i ro nme ntal Impac t s  f rom Pl a t forms Gina  and 

Gi l d a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 6 2  
8 3 :  Re f i n e r i e s  o f  Gre a t e r  than 1 0 0  M B/D Capac i t y  

Co nstruc ted f rom 1 9 7 0 to 1 9 7 9  . . • . . . . . • . • • • • • • • • . . . . . . .  5 7 2  
8 4 :  Re f i ne r i e s  Planned o n  the Eas t Coas t ,  B u t  No t 

Co nstruc ted Due to S t a te or Lo cal Oppo s i t ion 
( Pr  i or t o 1 9 7 8 ) . . . . . . • . . . . . . . . . . . . . . . . . • • . . . . . . . • • • . • • 5 7 3 

v i i  



L I S T  OF I LLUS TRAT I ONS 

CHAPTER ONE : GENERAL CON S I DERAT I ONS REGARDING 
ENVI RONMENTAL CONS ERVAT I ON 

F i g ure Page 

1 :  Compa r i so n  o f  Actual  E n e rg y  Cons ump t ion w i th 
P ro j e ct io n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6  

2 :  u.s. Gros s N a t ional P rod uct and E n e rg y  Cons ump t ion 
P ro j e ct ions - - 1 9 6 0 - 1 9 9 0  . • . • . • . • . . . • . . . . • . . . . . • . . . . . •  1 8  

3 :  u.s. E n e rg y  Cons ump t io n  b y  Type o f  E ne rg y  - -
1 9 6 0 - 1 9 9 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9  

4 :  U . S .  L iq u i d s  Prod u c t ion and Pe troleum I mpor t s  - -
1 9 6 0 - 19 9 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2  

5 : u.s. Dome s t i c  P e troleum Dema nd - - 1 9 6 0- 1 9 9 0  • • • • • . . . . .  2 3  
6 :  Tot a l  E nv i ronme n t a l  E x pe n d i t ur e s  o f  th e Pe trol eum 

Ind u s try - - 1 9 7 1 - 1 9 8 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0  
7 :  Envi ronmen t a l  C ap i t a l  E x pe nd i tu r e s  o f  the P e t r o l e um 

I nd u s try -- 1 9 7 1- 1 9 8 0  • . . . . . . . . • . . • . • . . . . . . • . . . • . . • . • .  5 0  
8 :  E nv i ronme n t al Admi n i s trat i ve , Ope ra t i ng , and 

Ma i nt e nance E xpe nd i tu r e s  o f  the Pe t ro l e um I nd u s try - -
1 9 7 1 - 1 9 8  0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 1  

CHAPTER TWO : EXPLORAT ION AND PRODUCT I ON 

9 :  S impl i f i ed F l ow D i ag r am Show i ng Ope ra t ions fo r 
E x plorat ion , D i scove r y ,  Prod u ct ion , a nd Ab andonmen t  o f  
a n  O i l  o r  Gas  F i e l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 2 

1 0 : Systems a nd Components  o f  a Rotary Dr i l l i ng R i g  • . • . . •  6 8  
1 1 :  Rou t e  of Dr i l l i ng Muds • . . . . . • • . . . . . . . • . . . . . . . . • . . . . . • 6 9  
1 2 :  Conve n t ional B lowou t P re ve n t e r  A s s emb l y . . . . . . . . . . . . . .  7 2 
1 3  : Cas i ng S t r i ng s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 3 
1 4 : J ack-Up Dr i l l i ng Rig  . • . . • . . . . . . . . . . • . . . . . . . . . . • . . • . . •  7 7  
1 5 :  Dr i l l  S h i p  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 8  
1 6 : Sem i s ubme rs ib l e  Rig  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 9  
1 7 : Oc e a n  F l oo r  B l owou t  P reve n t e r  and Mar i ne R i s e r . . . . . . .  8 2  
1 8 : O f f s hore O i l  F i e l d  P rod u c t ion Fac i l i t i e s a nd 

Deve l opme n t  Dr i l l i ng Rig  . . . • . . . . . . • . . . . . . . . . • • • . . . . . •  8 3  
1 9 : H i gh-Pr e s s ur e  C h r i s tma s Tree . . . . . . • • • . . . . . . • . . • • . • . . .  8 8  
2 0 :  Typ i c a l  O n s ho r e  O i l  F i e l d  Produc t ion F ac i l i t i e s  . . • . • .  8 9  
2 1 : Natural  Gas P roc es s i ng F low D i ag ram . . . . . . . . . . . . . . . . . . 1 0 1  
2 2 : Map s  S howi ng t h e  Reg ional Bound a r i e s  Used b y  the 

U . S .  Geo l og i c a l  S u rvey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 6  
2 3 :  Pe troleum Re so u r c e  C l as s i f i c a t ion ( Modi f i ed f rom 

U . S .  Bureau o f  M i n e s  a nd U . S .  Geo log i c a l  S urvey , 1 9 8 0 ) 1 0 7  
2 4 : Gove r nm e n t  L a nd s  . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . • • . 1 1 4  
2 5 : Total Prod u c t i ve a nd Nonprod u ct i ve Acreage Und e r  

Le ase fo r O i l  a nd Gas  i n  the Un i ted S ta t es - -
1 9 5 0- 1 9 8 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 8 

2 6 : S ed iment D i sch a rg e  of M i s s i s s ippi Rive r - -
J an uary 1 6 ,  1 9 7 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 0  

v i i i  



L I S T  OF I LLUS TRAT IONS ( Co n t i nu ed ) 

CHA PTER THREE : RE F IN ING 

F ig ure Page 

2 7 :  Crud e Oi l Sk imm i ng o r  Topp i n g  Pl ant . . . . • • . • • • • • • . . . . .  21 8  
2 8 :  Simpl i f i e d  F l ow Ch a r t  o f  a Comp l e x  Re f i ne r y  . . . . • . . • • .  2 1 9  
2 9 :  Crud e Oi l Di s t i l l a t io n  Un i t  . • • . • • • • . • • . . . . . • • . . • . • . • .  2 2 2  
3 0 :  Va c u um D i s t i l l a t ion Un i t  . . • • . . • . . • . • • • . . . . • . . . • • • • . • • 2 2 3  
3 1 :  De l ayed Coki ng Un i t  . • . • • • . . . . • • • . . . . . . • • • • . . • • • • . • . • • 2 2  5 
3 2 :  Fl u id Catalyt i c  Crack i ng Un i t . . . . . . . . . . . . . . . . . . . . . . . .  2 2 7 
3 3 :  Typ i c a l  Two-Stag e  Hyd roc ra cke r Un i t  . . • . • . . • . • . • . . . . . •  2 2 8  
3 4 :  Hyd rof l uo r ic Ac id Alkyl at ion Un i t  • . . • • • . . . . . • . • . • . • . • 2 2 9 
3 5 :  Catalyt i c  Re form i n g  Un i t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 3 1  
3 6 :  Pe ntane/He x ane ( C 5/C 6 ) I s ome r i z a t ion Un i t  • . • . . . . • . . • • 2 3 2  
3 7 :  Hyd rod e s u l f ur i z i n g  Un i t  • . . . . . . . • . • . • . . . • • • . . . . . . . . • • .  2 3 3  
3 8 :  Ga so l ine Swe e te n i ng Un i t  . . . . . . . . . . . . • • • . • • . • . • . • . • • . . 2 3 4  
3 9 :  Ga sol ine I n- Li n e  Bl end i n g  Sys t em . . . . . . . . . . . . . . . . . . . . .  2 3 6 
4 0 :  Hyd rog e n  Prod uc t ion Un i t  . • . . • • • . . . • . . . . . • . • . • . . . . • • . . 2 3 7  
4 1 :  Light End s Recovery Un i t  • . . . • • . . . . • . • • . . • • . • . . • • • • . . • 2 3 8 
4 2 :  Ac id Ga s Tr e a t i ng Un i t  . • . . • . . . • . . . • . .  . • . . . . • . • .  • . • . • •  2 3 9  
4 3 :  Sour Wa te r Str ipping Un i t . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4 0  
4 4 :  St eam Ge nerat ion System . . . . . . . . . . . . . .  • . . . . .  . . • . • • . . • .  2 4 3  
4 5 :  Re f i n e ry F l a r e  Sys tem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4 4 
4 6 :  Re c i rcu l a t i ng Wa ter Cool ing Sy s tem • . . • . . . . . • . . • . • . . . • 2 4 5 
4 7 :  Emi s s ion Compari so n  E s t ima te s - - 1 9 7 0  and 1 9 7 9  • • . . . • •  2 5 0  
4 8 :  u. s. Re f i n e ry Crud e Oi l Run s  • . • . . . . • . . . . . . . • . . . . • • . • . 2 5 1  
4 9 : Claus  S u l f u r  Recove ry Un i t . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 6 1  
5 0 : Be avon - S t re t fo rd Ta il Ga s Tre a t ing Un i t  . • • . . • . . • . . . • .  2 6 4  
5 1 : S COT Ta i l  Ga s Tre a t ing Un i t  • . • . . • • . . . • . . • • • • . • . • • . • • •  2 6 4  
5 2 : We l lman- Lo rd Ta il Ga s Tr e a t i ng Un i t  . . . . . . • . . • • . • • • • . .  2 6 5  
5 3 :  Compari son o f  Di scharg e  Leve l s  fo r Conve n t iona l 

Po l lu tants i n  the Pe trol e um Re f i n i ng I n d u s try • . . • • • • . 2 8 1  
5 4 : Was te wa t e r  Tre a tmen t Comple x . . . . • . . . • • . • . • . . • . • • • • . • •  2 8 7  
5 5 :  Ge og raph i c  Lo c a t ions o f  Al l Id e n t i f i e d  Comme r c i a l  

Ha zard o u s  Wa s t e  Manag eme n t  Fac i l i t ie s - - Jun e 1 9 8 0  • . .  3 0 6 

C HAPTER FOUR : STORAGE , TRANS PORTAT ION , AND MARKE T I NG 

5 6 :  Simpl i f ied D i ag ram o f  Te rms De sc r i b i ng Pe tro l e um 
Inven tor i e s  and S torag e  Capac i t ie s  • • . . . . • . • . . . . . • • • . .  

5 7 :  Floa t i ng Storag e - - Moored Storag e Ta nke r  • • . • • . • • . • • •  

5 8 :  Semi s ubmerged S torag e  • • • • . • . • • • • . • • . . . • • • . . • • . . • . • . . •  

5 9 :  Subme rged Storag e - - Moored . . • . . • • . • . . • • • . . . . • • • • . . . •  

6 0 :  S ubme rged Storag e - - Bot tom Suppor te d ( Above - and 
Be low-Water Struc ture ) . • . . • . • • . • • • . . . . . • • • . . • . . • • • . • .  

6 1 : S ubme rged Storag e - - Bot tom Supported ( Se a- F l oo r  
Storag e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . · · · 

6 2 :  Comb i n a t ion S ubme rged and El evated Storage . . • . . • • • . . .  

6 3 :  Th e Pe tro leum D i s t r ib u t ion Sys tem . . • . . . . . . . . . . . . . . • . •  

6 4 : S imp l i f i ed Crude O i l  and Re f i ned Prod u c t s  F l ow C h a r t  • 

6 5 :  P i pe l i ne S u pe rv i sory Control Schema t i c  . • . . . . . . . . . • . • •  

ix 

3 2 1  
3 2 5  
3 2 6 
3 2 7  

3 2 8  

3 2 9  
3 3 0  
3 3 1  
3 3 2  
3 3 9  



L I S T  OF I LLUS TRAT I ONS ( Co nt i nu ed ) 

F ig u re 

6 6 :  Conve n t ion a l  Lay Ba rge Cons t ru c t ion Me thod w i t h  
S t r a i g h t  S t i ng e r  and N o  Tens ion • • . • . . . • • . . . • • • • • • • . . . 3 4 3  

6 7 : Re e l  Barge Cons t ruct ion Me t hod Us i ng Te n s i o n  to Ke e p  
P i pe S t r e s s  Ac cep t ab l e  . . • . . . . . . . . . . . . . . . . . . . • . . • . . . . . 3 4 4  

6 8 : I l l u s trat ion o f  I n tegrated Tug Barge Con c e p t  • • • • • • • • •  3 5 1  
6 9 : Comme r c i a l l y  Nav i g ab l e  Wa te rways o f  the U n i ted S ta t e s  3 5 2  
7 0 : Loc a t ion o f  Re f i n e r i e s  and Tanke r Te rm i n a l s  

Ac c e s s ib le from the Co a s t . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 5 3  
7 1 : Domes t ic Wa t e rb orne T r ade Lane s • . • • . • • • • . • • • • • • • • • . • • 3 5 4  
7 2 : Typ i c a l  Natural  G a s  P ipe l i ne Sys t em • . • . . • • • . • • • • • . . . .  3 5 7  
7 3 : Depar tme n t  o f  E ne rg y  Map o f  Ma j or Natural  Ga s 

P ipe l i nes ( J u n e  3 0 ,  1 9 7 9 ) • .  � . . . . . . . . . . . . . . . . . . . . . . . . .  3 5 9  
7 4 : Pon toon-Type E x ternal  Floa t i ng Roo f  T a nk . . . . . . . . . . . . .  3 7 0  
7 5 :  Pa n-Type F l oa t i ng Roof S torag e  Tank ( M e tal l i c  S e al s ) • 3 7 1  
7 6 : Doub l e - D e c k  F l oa t i ng Roo f  S torage Tank 

( No nme ta l l i c  S e al s ) . • . • • • • • • . . . . • • • • • • . . . . • • • • • • • . • . •  3 7 1  
7 7 : F i xed Roo f  S torage Tank . . . • . • • • . • • . • • • . . . • • • • • • • • • • • •  3 7 2  
7 8 : I n t e rn a l  F l oa t i ng Roof S torage Tank • . . • • . • • • . • • • • • . • •  3 7 2  
7 9 : L i fte r Roo f S to rage Ta nk ( We t  S e a l ) • . • • • • . . • • • • • • • • • • 3 7 3  
8 0 : Fle x ib le D i aphrag m  T a nk ( I n tegral  U n i t ) . • • . • • • • • • • • • •  3 7 4  
8 1 : Top Load i ng Me t hod Wi thou t Vapor Col le c t ion - -

Top S p l a s h  Load i ng . . • . • • . . . . . • • . • • • • . • • • . • • • • • . . • • . • •  3 7 9  
8 2 :  Top Load i ng Me t hod Wi thou t Vapor Col l e c t ion - -

Top S ub me rge d  Load i ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 8 0  
8 3 : Bot tom Load i ng Me t hod • • • • • . • . . . . • . • • • • . • • • • • • . • • • • • • .  3 8 0  
8 4 : Vapo r Balance Sys tem a t  a B u l k  P l a nt - - Bot tom F i l l • •  3 8 3  
8 5 :  Top Load i ng S ys tems w i t h  Vapor Col l e c t ion - -

Top Load i ng Vapor He ad Sys t em . . . . . . . . . . . . . . . . . . . . . . . .  3 8 4  
8 6 : Top Lo ad i ng Sys t ems w i th Vapor Col l e c t ion - -

Top T i g h t  S ubmerged F i l l  . . • . . . . . . . . . . . . . • . • . . • • . • . . . •  3 8 4  
8 7 : Typ i c a l  Bot tom Load i ng System w i t h  Vapor Col l e c t io n  • •  3 8 5  
8 8 : De t a i l s  o f  the Top o f  a Truck Compa r tme n t . . . . . . . . . . . .  3 8 6  
8 9 : S chema t i c  D i agram o f  a The rma l Ox i d a t ion S y s t em . . . . . .  3 8 8  
9 0 : Sch ema t ic D i ag r am o f  a C a rbon Ad s o rp t i o n  Sys tem . . . . . .  3 9 0  
9 1 : S ch ema t i c  D i agram o f  a Re f r i gerat ion S y s t em • • . . . . • • • •  3 9 0  
9 2 : Schema t ic D i ag r am o f  a Compre s s ion-Re f r ig e r a t i on-

Ab sorp t ion S ys tem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 9 1  
9 3 : S c h ema t i c  D i ag r am o f  a Compre s s ion-Re f r ig e ra t ion-

Condensat ion S ys t em • • • • . • • . • • . . . . • • . . . • . . • • • • • • • • • • • . 3 9 2  
9 4 : Schema t i c  D i agr am o f  a Le an O i l  Ab s o rp t i o n  Sys t em . . . .  3 9 3  
9 5 :  Vapor B a lan c i ng Dur i ng Gaso l ine De l i ve ry to S e r v i c e  

S t a t ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 9  9 
9 6 : A Ba lance-Type Automob i le Re f ue l i ng Vapo r- Re cove ry 

Sys tem . • . . . . . . . • . . • . . • . • • . • . . • • • • • • . • • • • • . • • • . • • • • • • • 4 0 0  
9 7 : Typ i c a l  Ma rke t i ng Te rmi n a l  S ys t em • . • . • • • . . . . . . . . . • . . .  4 1 9  
9 8 : Typ i ca l  O i l /Wa t e r  Separator Sys tem . . . . . . . . . . . . . . . . . . .  4 2 2  

X 



L I S T  OF I LLUS TRAT I ONS ( Co n t i n u e d ) 

CHAPTER F IVE : PRODUC T  US E 

F i g ure Pag e  

9 9 :  Ga sol i ne and Die s e l  Con s ump t ion for Pa s s e ng e r Cars 
and L i g h t  Du ty Tr uck s . . . . . . . . . . • • . . . . . . • • . . . . . . . . . . . .  4 6 7 

1 0 0 :  M i l e s  Pe r Gal lon vs . Ye ar s , Al l -Flee t Aver ag e s - -
1 9 6 7 -1 9 7 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 6 9 

CHAPTER S I X :  FATE AND E F FECTS OF S P I LL S  

1 0 1 :  
1 0 2 : 
1 0 3 :  

Ha zard o u s  S ubs tanc e Sp i l l  Trend s - - 1 9 7 4 - 1 9 8 0  . • . . • • . .  

Oi l Sp i l l  Tr end s - - 1 9 7 4 -1 9 8 0  . . . • • • . . . . . • . . . • . . . . . . • .  

Loc a t ions o f  U . S .  Oi l Sp i l l  Coope rat ives  . • . . . . . . . . . . •  

C HA PTER SEVE N : ENERGY FAC I LI TY S IT ING 

1 0 4 :  Typ i cal Re f i n e ry Compl e x  Pe rm i t  T im i ng 

CHA PTER E I GHT : OTHER I S S UE S  OF TH E 1 9 8 0 ' s  

1 0 5 :  Me as ureme n t s  o f  C 02 Conc e n trat ion in th e Atmosphere 

4 8 2 
4 8 5  
4 9 4  

5 7 6  

a t  Se lec ted S t a t ions . . • • . . . • . . . • . • . . • . . • . . . • . . . . • • . . .  5 9 1  

xi 



INTRO DUCT I ON 

At the r eq u e s t  of the S e c r e t a ry o f  Ene rg y , the N a t i on a l  
Pe troleum Cou n c i l  ( NP C ) unde rtook th i s  compr e hens ive s tud y ,  wh ich 
upda tes the  Counc i l ' s  1 9 7 1  repor t ,  E nv i ronmen t a l  Conserva t ion -­
The O i l  and Gas I nd u s tr i e s . I n  h i s  req ue s t ,  t h e  S e c r e t ary s t a ted 
tha t " spe c i al emph a s i s  s hould be p l a c ed on d e te rm i n i ng the e nv i ron­
me ntal prob lems that are mos t se r iou s and t h e  impact of c ur re n t  
e nv i ronme n t a l  con tro l  r eg u l at ions o n  t h e  ava i l ab i l i ty a nd c o s t  o f  
pe troleum prod uc t s  and natural ga s . "  ( S e e  Appe nd i x  A f o r  the 
S e c r e t a ry ' s  req u e s t  le t te r , a de scr ipt ion o f  the NPC , a nd a ros t e r  
o f  the N P C  memb e rs h ip . ) 

To respo nd to the S e c r e t a ry ' s  req ue s t ,  t h e  Cou n c i l  e s tab l i s hed 
the NPC Commi t t e e  on E nv i ronme n t a l  Cons e rvat ion under t h e  c h a i r­
mans h ip o f  Al ton w. Wh i tehou s e , J r . ,  Cha i rman o f  the Board a nd 
Ch i e f  E xe c u t i ve O f f i ce r , The S ta ndard O i l  Compa ny ( Oh i o ) . The  
Honorab le Wi l l i am A .  Vau g h an , A s s i s tant S e c re tary fo r Env i ronme n t al 
P rotect ion , S a f e ty , a nd Eme rgency Prepared n e s s , u.s. Depar tmen t  o f  
E n e rgy , was d e s ig n a ted Gov e r nmen t  Coch a i rman o f  the Commi t t e e . The 
Comm i t t e e  wa s a s s i s ted by a Coord i na t i ng S ub comm i t t e e  and f i ve task 
g roups : a i r  q ua l i ty ,  wa t e r  q ua l i ty ,  l a nd u se , h a z a rd o u s  wa s tes , 
and syn the t i c  f ue l s . ( Se e  Appe nd i x B for the organ i z a t i o n  c h a r t  
and Commi ttee  and s ub group r os t e rs ) . 

The s tudy i s  pre s e n ted i n  two parts . An ove rv i ew o f  the e nv i ­
ronme n tal cons ide ra t ions o f  o i l and g a s  ope rat ions a n d  pe t rol eum 
prod uct u se was pub l i shed b y  the NPC in De cemb e r  1 9 8 1 . T h e s e  con­
s i de r a t i ons are d i scus s ed i n  more de ta i l  i n  th i s  vo l ume . The  
E x e c u t ive S umma ry a nd Chap t e rs One and E ig h t  of th i s  v o l ume are 
from the Overv iew . 

The S e c retary concurren t l y  r eq u e s t ed the Counc i l  to unde r t ake 
a s tudy of the ma j o r  i s s ue s  rel a t i ng to the deve l opme n t  o f  u.s. 
Arct ic o i l  a nd g a s  r e sourc e s . The e nvi ronme n t a l  a s s e s s me n t  for the 
Arct i c  s tudy wa s c r i t ic a l  to b ot h  s tudy e f fo r t s  and w a s  coord i na t ed 
b e tween b oth s t ud i e s . The Execut i ve S umma ry o f  the NPC ' s  1 9 8 1  
report , U . S .  Arc t i c  O i l  and Gas , i s  c o n t a i ned i n  th i s  repo r t  a s  
Append i x  E .  T h e  comp l e t e  r epor t  i s  ava i l ab l e from t h e  N a t i on a l  
Pe troleum Coun c i l . 

I t  i s  approp r i ate that the Cou n c i l  u pd a te the pe troleum 
i nd u s t ry ' s  e nv i ronme n t a l  cons iderat ions a nd c on c e rns a t  t h i s  t ime . 
The c l imate und e r wh ich the pe troleum i nd u s try ope r a t e s  today has  
chang ed d rama t i c a l l y  i n  the 10  yea rs s i nce the NPC last  r e po r t ed on 
e nv i ronme n tal conse rva t ion : 

• The e ne rg y  s u pply/d emand b a l ance has s h i f ted s ig n i f i c a n tl y ,  
and there i s  a newly recogn i z ed ne e d  for e ne rgy s e c ur i ty . 
Ach i ev i ng e n e rg y  s e cu r i ty r eq u i res that e nv i ronme ntal 
conce rns be  b a lanced a g a i ns t the ne ed to d ev e l op d ome s t i c  
e n e rg y  s uppl i e s . 
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• For the res t of t h i s  c e ntury i nc r e a s i ng emph a s i s  w i l l  b e  
p la c ed o n  t h e  d evelopme n t  o f  non-o i l  a nd non- g a s  r e source s ,  
such as coal , n u c l e a r , a nd s yn the t ic f ue l s . As a r es ul t , 
e nv i ronme n t a l  cons iderat ions s hould recogn i ze the c h a ng i ng 
mi x of e n e rgy s uppl y . 

• The pe troleum i nd u s try has made s ub s t an t i al p r og r e s s  i n  e n­
v i ronme n t a l  conse rvat i on i n  the pas t d ec ad e , a nd th e ma j o r  
e nv i ronme ntal conce rns pe rce ived i n  the 1 9 7 0 ' s  a s  a r i s i ng 
f rom the i nd u s try are now va s t l y  d im i n i sh ed b e c au s e  pol l u­
t io n  sou r c e s  are und e r  e f fe c t ive control . 

• Ma ny o f  the e nv i ronme ntal control s tr a t eg i e s  i n  pl a c e  today 
are b a s ed in large part on e nv i ronme n t a l  l e g i s l at i o n  and 
reg u l a t io n  w r i tt e n  d u r i ng the 1 9 6 0 ' s  and 1 9 7 0 ' s .  A re­
e xami nat ion of th e s e  con tro l s trateg i e s  i s  appropr i at e , a s  
some may p l a c e  unne c e s s a ry cons tr a i nt s  on d ome s t i c  e n e rg y  
d e ve l opme n t . 

The ob j e ct i ve s  of th i s  report a r e  two fol d :  f i rs t ,  to d e s c r ib e  
c u r rent i nd u s try ope r a t ions and expl a i n  the fac i l i t i e s  and proce­
d ures that  are u s ed to prote ct the e nv i ronmen t ;  a nd s e cond , to 
foc u s  a t t e n t ion on the spe c i f ic areas of e nv i ronme n t al law a nd 
reg u la t i o n  that h ave d i re c tl y  a f fe c ted t h e  ava i l ab i l i ty and c o s t  o f  
pe troleum prod u c t s  a nd natural g a s . 

I t  i s  the Counc i l ' s  d e s i r e  to respond pos i t ive ly to the S e c r e­
tary ' s  r eq ues t .  Wh i le a numb e r  of s e ct ions may app e a r  to c r i t i c i ze 
o r  cond emn the key e nv i r onme n tal ly o r i e n t ed laws tha t have b e e n  
e na cted d ur i ng the d e c ad e  of the 1 9 7 0 ' s ,  many of t h e  l aws a nd r e g u­
l a t ions d i s c u s se d  i n  the repor t  are i n  l a rg e  part c le a rly u s e f u l  
and worthwh i l e . Th e Counc i l ' s  c omme n t s  i n  th i s  r eg a rd a re i n te nded 
to be cons truct ive a nd to expr e s s  the Cou n c i l ' s conce r n  for the 
h ig h  d egree of compl e x i ty and unce rta i n ty , and the poten t i a l  for 
long d e lays tha t imped e  the ach i eveme n t  of b a l a nc e  b e tw e e n  the 
n a t ional goa l s  of ene rgy d evelopme n t  a nd e nv i ronme n t a l  prote c t i o n . 

2 



EXECUT IVE SUMMARY 

FIND INGS AN D CONCLUSIONS 

The NPC , in  r e s pon d i ng to the S e c re t a ry ' s  r eq u e s t ,  sought to 
ident i fy t hose env i ronme n tal i s sue s  that w i l l  b e  the fo c u s  o f  con­
t i nu ed debate a nd r e search i n  the d e c ad e  of th e 1 9 8 0 ' s .  The NPC 
a l so exami ned the impa c t s  o f  the pe troleum i nd u s try on the e nv i ron­
me n t ,  and the impa c t  of e nvi ronme n t a l  l eg i s l a t i ve , r eg u l a to ry , a nd 
adm i n i s tra t ive act ions that ad ve r s e l y  a f fe c t  the cos t o r  ava i l ab i l­
i ty o f  pe tro l e um prod u c t s , nat ural gas , and synth e t i c  f ue l s . The 
f i nd i ng s  and con c l u s ions r e ached through t h i s  analys i s  are s umma­
r i z ed b el ow . Th e s e  i s s ues a nd impa c t s  are d i s c u s s ed i n  more d e t a i l  
i n  the fo l low i ng chap t e rs . 

S i g n i f icant E nv i ronmen ta l  I s sues  o f  the 1 9 8 0 ' s  

The fo l lowi ng s ig n i f i c ant env i ronme n tal i s s ue s  m u s t  b e  reso lved 
promp tly a s  the n a t ion s e eks i n  the 1 9 8 0 ' s  to b a l a n c e  th e goa l s  o f  
e ne rg y  s uppl y and s e c ur i ty wi th t h e  g oa l s  o f  e nv i ronme n t a l  q u a l i ty .  

• A c c e s s  to fede ral l a nd s  fo r the purpo s e  of resource  a s s e s s­
me n t  and pos s ib le f ut ure d evelopme n t  

• D e l ay a n d  unce r ta i n ty caus ed by the c ompl e x i ty o f  r e g u l a­
to ry r eq u i reme nts , i nc l ud i ng pe rm i t t i ng proced u re s , t h e  
n umb e r  o f  gove r nme n t  au thor i t i e s  i nvol ved , and the oppor­
tun i t ie s  fo r legal  i nterve n t ion by th i rd p a r t i e s  

• S i t i ng o f  e n e rgy fac i l i t i es , e s pe c i al ly prod uc t ion and 
transportat ion f ac i l i t i e s , th a t  are d e te rm i n ed b y  the 
loca t ion of natural resou r c e s  

• I n corpo r a t ion of sc i e nt i f ic a l ly ac cep t ab le t e ch n iq ue s i n  
s e t t i ng s ta nd a rd s , s uch a s  Nat ional Amb i e n t  A i r  Qua l i ty 
S tand a rd s  and Wa te r Qual i ty S t a nd a rd s  

• S i t i ng a nd ope ra t ion o f  fac i l i t i es fo r haz a rd ou s  wa s te 
ma nag eme n t  

• T h e  e co l og i c a l  and pub l ic h e a l th e f fe c t s  o f , a nd th e 
control s tr a teg i e s  fo r ,  t h e  syn f ue l s  i nd u s try . 

There are al so a numb e r  of i s s ue s  whos e  ca u se s  are not c le a rly 
d e f i ned and wh i ch are a f f e c t ed by many fac to rs a nd i nd us t r i e s ,  o f  
wh ich t h e  pe troleum i nd u s try i s  o n l y  one . T h e s e  i s sue s are : the 
eco log i c a l  and pub l ic health e f fe c t s  o f , and the con t ro l  s t rate g i e s  
for ,  a c i d  ra i n ;  t h e  C02 " g r e e nhou se "  e f fe ct ;  g roundwa te r  contam i ­
n a t ion ; a nd i nd oo r  a i r  po l l u t ion . 

To ach i e ve a s a t i s f a c tory r e so l ut ion o f  th e s e  i ss ue s  w i l l  re­
q u i r e  not only the f u l l coope rat ion of g ove r nme n t , i nd u s try , a nd 
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pr ivate c i t ize n g r ou p s ,  b u t  al s o  a commi tme n t  to res earch ac t i v i ­
t i e s , e s pe c ial l y b y  g ove r nme n t  and i nd u s t ry s eg me n t s , tha t  w i l l  
q uan t i fy the impac t s ,  c la r i fy the i s s ue s , and d e t e rm i ne appr op r iate 
so l u t i ons to the prob l ems ident i f i ed . 

I nd u s t ry I mpac ts on the E n v i ronmen t  

A s  part of  i ts e f fo r t  to " de te rm i ne the e nv i ronme n tal prob l ems 
that are mos t se r i ou s "  as  r eq ue s ted b y  the S e c r e tary o f  E n e rg y ,  t h e  
NPC e xam i n ed impacts o f  t h e  pe tro l eum i nd u s t ry o n  the e nv i ronme n t . 
These impact s  are a f un c t ion of  the i nd u s try ' s  ope rat i o ns ( e x p l o ra­
t ion and prod u ct io n ; r e f i n i ng ;  and s torag e , t rans po r tat ion , and 
marke t i ng )  as we l l  as the u se of  i ts prod uc t s .  The  NP C ' s  f i nd i ng s  
w i th r e s pe ct to t h e  i nd u s t ry ' s  conve n t ional ope rat i o ns and the pro­
j e cted s yn f ue l s  i nd u s try ' s  ope ra tions are s ummarize d  b e l ow ;  t ho s e  
res u l t i ng from prod u c t  u s e  are d i s c u s s ed i n  Chap t e r  F i ve . 

Conve n t i o nal O i l  and Gas Operat ions 

1 .  I mpacts on the e nv i ronme n t  from c urrent and pro j e c ted 
rou t ine conve n t ional pe troleum i nd u s try ope rat ions are 
largely known and c on t ro l l e d . D u r i n g  the pas t d e cade the 
i nd us try has mad e s ig n i f i cant prog re s s  i n  r ed uc i ng i ts 
impacts on the e nv i ro nmen t ;  howeve r , c e r ta i n  l o ng - te rm 
pos s ib le impa c t s  o n  the env i ronme n t  are s t i l l b e i ng 
i nve s t i gat ed . 

• Pe tro l eum i nd u s t ry ope rat ions emi s s ions r e pre s en t  only a 
smal l f rac t io n  of  nat ional a i r  em i s s i ons . For exampl e ,  
pe tro l e um r e f i n i ng emi ss ions repre s e n t  o n l y  0 . 9  perc e n t  
o f  t h e  nat ion ' s  carbon mo nox i d e  ( CO ) emi s s i o ns , 0 . 5 
pe�c e n t  o f  total s u s pe nded part i c u late s ( T SP ) , 2 . 8 
pe rce n t  of  s ul f ur d i ox i d e  ( S 02 ) ,  1 . 5  p e r c e n t  of  n i t r o­
g e n  o x i d e  ( NOx l and 3 . 9  pe rcent  o f  vo lat i le o rgan i c  
compou nd s  ( VOC ) . I n  ad d i t io n , wi th i n  the re f i n i ng 
s e c to r , s i g n i f i cant reduct ions i n  a i r  em i s s ions p e r  
barrel o f  c r u d e  o i l  r u n  we re ach i eved d u r i ng the las t  
de cad e ; e . g . , a decrease o f  6 8  pe r c e n t  i n  CO , 5 0  p e rc e n t  
i n  TSP , 1 9  p e r c e n t  i n  S02 , and 1 8  p e r c e n t  i n  NOx , 
w i th no change i n  VOC . 

• Preve n t io n  o f  S ig n i f ican t  De te r iora t io n  ( PS D )  r e qu ir e ­
me n t s , n onat ta inme n t  area re s t r i c tion s , New So u r c e  
Per fo rmance S tandard s ,  and p ro v i s ions f o r  d e ta i l ed pr e­
con s t r uc t io n  rev i ew o f  al l maj or s ta t i o nary sources  o f  
a i r  emi s s ions provide  the reg ulato ry f rame work for co n­
tro l l i ng a i r  em i s s ions . 

• The re f i n i ng i nd u s t ry has ach ieved a g reate r than 9 1  
percent  red uc t ion i n  the d i scharg e o f  conve n t ional wate r 
po l lu tants f r om 1 9 6 7  to 1 9 7 9 .  Ad d i t i o nal data i nd i cate 
that nonconv e n t ional pol l u tan t s  are we l l  c o n t ro l l e d  and 
that the e x i s t i ng Be s t  Prac t i cab l e  Control Te ch no l og y  
trea tme n t  sys tems r emove tox i c  pol l u tan t s  t o  l e ve l s  
barely d e te c tab l e  by the mod e r n  analyt i cal techn ique s , 
whe re they are found at al l .  
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• The Nat ion al Pol l u tan t Di s charge E l i m i n a t ion Sys t em 
( NP DE S ) P e rm i t  Prog r am prov i d e s  r eg ula tory a u tho r i ty fo r 
con tro l l i ng d i scha rges to rec e i v i ng wa te rs . 

• C urrent i nd u s t ry pra c t i c e s  d emo ns trate tha t s i g n i f icant 
improveme n t s  i n  the treatme n t  and d i s po s a l of i nd u s try­
gene rated wa s t e s  have oc c urred . 

• Th e Re sour c e  Conse rvat ion and Recove ry Ac t o f  1 9 7 6  
( RCRA ) prov i d e s  fo r reg u l a t ion o f  the d i s po s a l  o f  
h a z a rd o u s  wa s te s . 

• E f f e c t s  o f  trace to x i c  ma t e r i a ls i n  a i r  a n d  wa t e r  a r e  
s t i l l  b e i ng eval ua ted . 

• Pa s t  ope ra t ions and prac t i c e s  th a t  h ad cau sed o r  con t r i­
b u t ed to ad ve rse e nv i ro nme n tal impa c t s  h ave b e e n  l a r g e l y  
rep l a c ed b y  improved t e chnolog y  a nd e ng i ne e r i ng . 

• P e rm i t ted ope rat ional d i s c h a rg e s o c c a s ional l y  c re a t e  
m i n o r  loc a l i z ed e f fe ct s , b u t  s uc h  d i s ch a r g e s  c au se on l y  
neg l i g ib l e ove ral l env i ronme n tal impa c t s .  

• S ome long- t e rm pos s ib le prob lems , s uch as ac id ra i n  and 
the C02 " gree nhou s e " e f fe c t , are not ye t unde rs tood 
we l l  e nough to de te rm i ne impac t s  or to e s tab l i sh f i nal 
con tro l s tr a t eg i e s . 

2 .  Ac c id e n tal r e l e a s e s  o f  o i l and h a z a rd ou s  s ub s t a n c e s  from 
conve n t ional and rou t i ne pe trole u m  i nd u s try ope r a t ions 
u s ual ly d o  not cons t i tute an i rr e ve rs ib le or s er i ou s  l o ng­
te rm e nv i ronme n tal h a z a rd . 

• Maj o r  o i l  s p i l l s  are mo re l i ke l y  to o c c u r  i n  the ope n  
ocean . The d i l ut i on pote n t i al o f  the ope n s e a  a nd the 
d i spe rs ion , we a the r i ng , a nd los s  o f  to x i c  cons t i tu e n t s , 
pr ima r i l y  to the a tmosphe r e , make i t  improb ab le that  
oi l s  s p i l led in  de ep- s e a  areas cou l d  reach b o t tom­
dwe l l i ng ( be n th i c )  ma r i n e  l i fe ,  much l e s s  i n  to x i c  
amoun t s . Mos t o i l  s p i l ls , eve n tho s e  impac t i ng coas tal 
a re a s , h ave not h ad s e r i ou s  long- t e rm e f f e c t s . Recove ry 
has  b e e n  rap id in mos t s i tu a t ions , part i c u l a r ly i n  rela­
t ion to mar i ne prod uct ivi ty and popu l a t ion s . 

• S t u d i es fol l owi ng the 1 9 7 0  Ch e vron Ma i n  P a s s  Block 4 1  
spi l l  i n  the Gul f o f  Mex i co , t h e  1 9 7 7  E ko f i sk o i l  s p i l l  
i n  t h e  d e e pe r  wa te rs o f  the No rth S e a , a nd even th e very 
l a rg e  o i l  d i s c h a rg e  from the I x toc b lowou t in the Bay of 
Campe che in 1 9 7 9 ,  i nd i cate tha t t h e s e  sp i l l s  app e a r  to 
h ave few o r  no s ig n i f ic a n t  ad ve rs e e f f e c t s  in o f f sho r e  
wa te r s . 

• O i l  s p i l ls c re a te a va r i e ty o f  seve r e  s ho rt- t e rm i m­
pa c t s ,  wh i ch can a f fe c t  c omme rc e , a r e a s  o f  h ab i t a t ion , 
recreat ion , a nd s ho re l i ne s , part i c u l a r l y  wh e n  sp i l ls 
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o c c ur i n  n e a r - s hor e wa te rs . Near-s hore s p i l l s  a nd th e i r  
r es u l t i ng " chocola te mou s se " emul s i ons c a n  c re a t e  un­
s i g h t l y  mes s e s  on b e a ches and s hore l i ne s , c a u s e  c on­
s p i c uou s c a s ua l t i e s  amo ng sea b i rd s , a nd k i l l  b e nth i c  
organ i sms . E s pe c i al ly sens i t i ve t o  s ho r t- te rm e f fe c ts 
a re n e a r- s hore e cosy s tems s uc h  as coral i s l a nd s , s al t  
ma rs h e s , a nd ma ng rove c ommun i t i e s . 

• H a z a rd ou s  s ub s tance sp i l l s  do oc c ur o c ca s ion a l l y  a nd i n  
some ca s e s  c a u s e  se r i ou s ,  b u t t empo rary , l o ca l i z ed 
e f fe ct s . Ve ry few mat e r i a ls on the E n v i ronme n t a l  Pro­
tect ion Age n cy ( EPA ) h a z a rdou s s ub s tance l i s t  are u se d  
i n  the pe tro l eum i nd u s t ry . The s e  mat e r i a l s  a r e  h and led 
wi th c a re , a nd s p i l ls i n  e x c e s s of the approp r i a t e  
r epo r t ab l e  q uan t i ty are rare . Whe re ope r a t ional  sp i l l s 
do occur they a r e  typ i c a l ly cont a i ned w i th i n  tank d i ke s 
o r  removed d ur i ng was t ewa t e r  tre a t i ng ope r a t ions so tha t  
ac tual  h arm f u l  r e l e a s e s  to nav ig ab le wa t e rs are m i n i ma l . 

• Ga so l i ne l e aks from s e r v i c e  s t at ion unde rground tanks 
and p i p i ng occur throughou t the i nd u s try a nd h ave the 
pote n t i a l  for s e r i ous h a rm to pe opl e , prope r ty , a nd th e 
e nv i ronme n t . 

3 .  Groundwa t e r  contam i nat ion can create s e r i ou s l o c a l  p r ob ­
l ems , and f u rther d e f i n i t ion of the e x t e n t  a nd d eg re e  o f  
r i sk i s  req u i red . 

• The pe troleum i nd u s try i s  only one of many i nd u s tr i e s  
that  a r e  conce rned w i th th i s  prob l em .  Nat ionwid e , th e 
e x t e nt and r i sk pre s en ted b y  g round wa te r  contami n a t ion 
from al l sources i s  s t i l l  b e i ng i nve s t i g a t ed . The pre­
ve n t ion a nd control of g roundwa te r  contam i n a t ion are 
r eg u l a t e d  unde r the S a fe Dri nki ng Wa te r Act a nd RCRA , as  
we l l  a s  many i nd i v id ua l  s ta te pr og rams . 

• Wi th i n  the pe troleum i nd u s try , controls are i n  p l a c e  to 
prote c t  g round water from the r e i n j e c t ion of prod uced 
wa t e rs from e xp l orat ion and prod u c t ion ope r a t ions , 
unde rground c a ve r n  s torage of pe t ro l eum prod u c t s , a nd 
for the d e te c t ion and c l e anup of sp i l l s and l e ak s  from 
pe tro l eum f ac i l i t i e s , e s pe c i al ly p i pe l i n e s  and s e rv i c e  
s ta t ions . 

Syn f u e l s  Ope r a t ions 

The proj e c ted s yn t he t ic f ue l s  i nd u s try ope r a t ions , wh e n  a s s e s s­
ed on a s i te- a n d  proc e s s - s pe c i f i c b a s i s , a re not e xpe c t ed to pos e 
a ma j o r threat to the e nv i ronme n t . Th i s  d oe s  not imp l y t h a t  the 
pote nt i a l  for some long- te rm c hron i c  e f fe c t s  o r  reg i on a l  s c a l e  
prob lems has b e e n  e l im i na ted . As t h e  i nd u s try e n t e rs t h e  comme r­
c i al d e v e l opme n t  s t age , mor e  ope ra t ional data , toge the r w i th th e 
e x i s t i ng r e s e arch a nd deve l opme n t  and p i l ot s tag e i nf o rma t ion , wi l l  
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be ava i l ab le for e nv i ronme n t a l  eva l uat ion a nd a ny nec e ss a ry ad d i ­
t ional control s tr a t eg i e s . I n  ad d i t ion , many a spe c t s  of the deve l­
op i ng syn f ue l s  i nd u s t ry are common to conve n t ional  technolog i e s ,  
e . g . , m i n i ng a nd re f i n i ng . Env i ronme ntal  e f fe c t s  of syn f ue l s  
developme n t  w i l l  con t i nue to b e  eva l uated , a nd a r e a s  o f  concern 
that w i l l  re ce ive spe c i al a t tent ion are : 

1 .  Wa ter Qual i ty and Wa ter Ava i l ab i l i ty 

• Eval ua t io n  of the impact of m i n i ng a c t i v i t i e s  on 
aq u i fe rs 

• Impac t  of wa s t e  d i sposal a r e a s  on groundwa t e r  

• Long- t e rm e f fe c t s  of l e a ch a t e  from i n  s i t u a nd mod i f i ed 
i n  s i tu sh al e o i l  prod uc t ion 

• Wa ter resou r c e  deve l opme nt and ava i l ab i l i ty .  

2 .  A i r  Qua l i ty 

• E f fe ct of f ug i t ive d u s t .  

3 .  Sol id Wa s te s  

• Ma nageme n t  and d i spo s a l  of l a rg e  q ua n t i t i es of so l i d  
wa s t e s .  

4 .  La nd U s e  

• C l os ur e , r e ve ge tat ion , and/or rec lama t ion o f  a f f e c ted 
land areas . 

5 .  H e a l t h  and P rod uct S a fe ty 

• The to x i c o l og i c a l  and ecolog i c a l  prope r t i es of syn the­
t i c  f ue l s ,  i n te rmed i a t e s  a nd b y- prod uct s , and wa s te s . 

6 .  Othe r 

• So c i o-econom i c  impa cts of synthe t i c  f u e l  re s o u r c e  
deve l opme n t  

• Id e n t i f i c a t ion o f  spe c i al prob lems from a c c i d e ntal  r e­
leases  of synth e t i c  f ue l s  prod uct s . 

Envi ronme ntal Leg i s l a t ive , Reg u l a tory, and Admi nis t r a t i v e  A c t ions 
That Adve rsely A f fe c t  the Cos t or Ava i l ab i l i ty o f  P e trol e um 
P roduc ts , Na tural G a s , and Syn f u e l s  

T h e  NPC a l so exami ned t h e  impa c t  o f  e nv i ronm e n tal l e g i s l a t ive , 
regu latory ,  a nd admi n i s tra t i ve act ions that  ad ve r s e l y  a f fe c t  the 
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cos t or ava i l ab i l i ty o f  pe troleum prod uc t s ,  n a t ural g a s , a nd syn­
fue l s . The NPC ' s  f i nd i ng s  are s ummar i z ed b el ow . 

1 .  Land U s e  

• Pas t fa i l ur e s  t o  adequately l e a s e  o f f s hore governmen t  
lands have de l ayed resource a s se s sme n t , e xp l o r a tory 
d r i l l i ng ,  a nd prod uct ion . Wi t hd r awa l s  a nd e xtended 
c la s s i f i c a t i o n  de t e rm i nations of onshore g ove r nme n t  
lands h ave a l so i nh ib i t ed re source a s s e s sme n t  a nd 
pot e n t i al d ev e l opme n t  of s uch areas . 

• C o a s t al Zone Manageme n t  cons i s te ncy r ev i ew r e s u l t s  i n  
d e l ays o f  leas i ng and explorat ion a c t i v i t ie s . 

• The d e s i g n a t ion o f  Mar i ne Sanct uar i e s  can preve n t  o i l 
and g a s  ac t iv i ty i n  or ne a r  d e s ig na ted s a nc t ua r i e s . 

• The End a ng e r ed Spe c i es Act can preve n t  o r  d e l ay d eve l op­
men t  of ene rg y  and wa t e r  re sourc e s . 

2 .  A i r  Qua l i ty 

• PSD i n c r eme n t s  l i mi t all owab le new g rowt h , e s pe c i al l y i n  
o r  near C l a s s  I areas . 

• Cons tru c t ion o f  mod i f i ed ref i n i ng a nd new t r a nspo r t a t ion 
a nd prod u c t ion fac i l i t i es i n  nona t t a i nmen t  a re a s may b e  
ba nned i f  the S ta te Impl eme ntat ion P l a ns a r e  not ap­
prove d . 

• The r e  i s  an i ns u ff i c i e n t  poo l  o f  o f f s e t s  i n  s ome non­
a t t a i nme n t  areas to me e t  pe rm i t  req u i reme n t s  fo r new 
o r  mo d i f i ed sourc es of emi s s ions . 

• Th e app l i c at ion o f  C la s s  I v i s ib i l i ty prote c t i on c r i­
t e r i a  to ad j a c e n t  areas , a s  emb od i ed i n  the i nt eg r al 
v i s ta c onc ep t , can r e s t r i c t  re source d e ve l opmen t .  

• Outer Con t i ne n t a l  She l f  ( OC S ) a i r  r eg u l a t i o n s  pe r ta i n­
i ng to a t t a i nme n t ,  a nd PSD i ncreme n t s  cou l d  i nh ib i t OC S 
o i l a nd ga s  d e ve l opme n t . 

• La c k  o f  g u idance i n  de te rmi nat ion o f  Bes t Ava i l ab l e  Con­
trol Te ch nolog y  a nd Lowe s t  Ach i evab le Em i s s ion Ra te , a nd 
the freq u e n t  d i s agreemen t  b e tween a nd among f e d e r a l , 
s t ate , a nd l o cal ag e n c i e s  and the i nd u s try o ve r the 
level o f  controls  cont r ib u t e  to de l ay s  in pr oce s s i ng a nd 
i s s u i ng pe rmi t s . 

• Mon i to r i ng a nd data gathe r i ng r eg u la tory r eq u i reme n ts 
a r e  f r eq ue ntly e x ce s s ive , c os tl y ,  a nd t ime- cons um i ng ; i n  
c omb i na t ion , these r eq u i reme n t s  can r e s u l t  i n  l e ng thy 
del ays o f  new a nd e xpa nd ed e ne rg y  sou r ce s . 
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• Mode l i ng r eq u i reme nts are expe ns ive and t ime-c ons uming , 
a nd ,  more importan tly , the a i r  q u a l i ty pred i c t ions are 
usua l ly c ons e rva t ive . They c a n  l e ad to d e l ay s  and cos t­
l y  re s tr i c t ions on new and mod i f i ed sources  tha t  may b e  
un n e c e s s a ry to protect  a i r  q u a l i ty o r  ach i ev e  e nv i ron­
men t al b e n e f i t s . 

• Au tomot ive e x h au s t  emi ss ion r e s tr i ct i on s , par t i c u l ar ly 
thos e that pr eve n t  the u se of alkyl l e ad compound s i n  
au tomot i ve f ue l s , reduce the amount o f  transpo r t a t i o n  
f ue l  t h a t  can b e  ob t a i ned f rom a g i ve n q ua n t i ty o f  c rude 
o i l . 

• Re s tr i c t ions impos ed by ma ny l o c a l  j ur i sd i c t i ons on the 
s u l f ur con t e nt of pe trole um f ue l s  h ave c h a ng e d  s upply 
pa tte rns fo r h e a v i e r  f ue l s in part i c u la r  and h ave i n­
c reased the pr i c e  fo r s u i tab l e  f ue l s  i n  l ow- s ul f ur f ue l  
reg ions . 

• Gu idanc e d o cume n t s  prepared b y  E PA , s uch as t h e  Con trol 
Tech n iq ue s  Gu id e l i nes , h ave b e e n  i nt e rp r e ted a l l too 
often to be s tandards o r  r eg u la t ions by the s t a t e s  or 
EPA reg i ons . Th i s  has freq ue n tl y  l ed to mo re s tr i ng e n t  
regu lat ions a nd/or pe rm i t  l im i t s  on i nd u s t ry ,  w i th re­
s u l t i ng h ig h e r  cos t s ,  than w e r e  nece s s a ry to s a t i s fy 
a i r  q ua l i ty req ui reme n t s . 

3 .  Wa t e r  Qua l i ty 

• Unrea sonab l e  d e l ays i n  i s s uance o f  NPDES pe rm i ts for o i l  
and g a s  explorato ry d r i l l i ng ope ra t i ons i n  a l mo s t  eve ry 
of f s hore area of the Un i t ed S t a t e s  h ave ra i s ed c omp l i ­
ance cos ts and de layed e f fo r t s  to f i nd o i l  a nd g a s . The 
EPA ' s  recen t l y  i n i t i a ted po l i c y  on i s s u i ng g e n e r a l  NPDES 
pe rm i t s  cou l d  a l l e v i a t e  the de l ay pr ob lem . 

• P re s e n t  we tl a nd s  po l i cy has d e l ayed i s s ua nce of d r edge 
a nd f i l l  pe rmi ts b y  the u.s. A rmy C o rps o f  Eng i n e e r s . 

• Th e EPA po l i cy o f  e f fe ct ive l y  requi r i ng s ta t e  ag e n c i e s  
to ad op t the EPA wa t e r  q ua l i ty c r i te r i a  a s  s t a t e  s tan­
dards f r eq ue n t l y  c o u l d  place unre a l i s t i c l im i t s  on 
wa s tewa t e r  d i sch arg e s  from both new a nd e x i s t i ng f ac i l i ­
t i e s . The E P A  wa te r q ua l i ty c r i te r i a  o n  some to x i c  pol ­
l u tants  are based  on ve ry l i m i ted da ta a nd some c r i te r i a  
a re b e l ow t h e  de tect ion l im i t s  of c u r r e n t  anal y t i c a l  
t e chn ique s . 

• Fa i l ure o f  EPA to i s s ue pe trol eum r e f i n i ng e f f l ue n t  
g u id e l i nes w i t h i n  the d e ad l i nes se t b y  c o u r t  ord e r  and 
s ta t ute has  i n trod uced unce rta i n ty i n to the r e g u l a tory 
proce s s . Th is un c e r t a i nty e x a c e rb a t e s  the prob lems 
fac ed by r e f i ne rs who need s u f f i c i e n t  l e ad t ime to 
de s ig n and i ns t al l was tewa te r tre a tme n t  eq u i pme n t  to 
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comply w i t h  t h e  J u l y  l ,  1 9 8 4 , d e ad l i ne , e s pe c i al ly i f  
ad d i t ional equ i pme n t  i s  neces s a ry . I n  ad d i t ion , E PA ' s  
propos ed g u id e l i n es are ove r l y  s e ve re a n d  f a i l  to 
cons ide r i nd u s try prog r e s s  and p e r fo rma nce i n  wa te r 
pollut ion contro l . 

4 .  H a z a rd ou s  Was t e s  

• Reg u la t ion of h a z a rd ou s  was t e  a nd wa s t e  manageme n t  
f ac i l i t i es h as not b e e n  b a sed o n  t h e  d e g r e e  o f  h az a rd 
pre s e n t ed to h uman hea lth and the e nv i ronme n t  by t h e  
spe c i f ic was tes b e i ng s tored . As a re s ul t , und u l y  
r e s tr i ct i ve a nd c os tly me a s u r e s  may b e  r eq u i red . 

• Comp l e x  te chn i c al and soc i e ta l  prob l ems o f  s i t i ng n e w  
h a z a rd ou s wa s te ma nageme n t  fac i l i t i e s  w i l l h ampe r t h e  
n a t ion ' s  ab i l i ty t o  ad eq ua t e l y  d i s pose o f  i t s  wa s t e . 
I f  local s i te s  are unava i l ab le ,  t ranspo r t a t ion of h a z­
a rdou s  wa s t e s  to r emot e  s i t e s  w i l l  b e  c os t l y  a nd may 
pre s e n t  a g r e a t e r  r i sk to the e nv i ronme n t . 

SUMMARY OF COSTS - - PAST AN D FUTURE 

Cos ts of e nv ironme n t al r e g u lat ions to the pe tro l eum ind u s t ry 
have b e e n  i n  the pa s t  a nd w i l l  b e  i n  the f u t ur e a s ig n i f ic a n t  com­
ponent of i nd u s t ry e x pe nd i t ures . Expe nd i t ur e s  to prote c t  e nv i ron­
me n t al q ua l i ty a nd h uma n heal t h  are recog n i zed to be a nec e s s ary 
cos t o f  d o i ng b u s i ne s s . I t  i s  a l so important to recogn i z e , 
howeve r ,  t h a t  e nv i ronme ntal s t and a rd s  mo re s tr i ng e n t  than tho s e  
neces s a ry t o  prot e c t  t h e  e nv i ronmen t  a n d  h uman h e a l t h  impos e  h i g h e r  
i nd u s try c ap i tal and ope ra t i ng cos ts and , ul t ima te l y ,  h ig h e r  pro­
d u c t  c os ts to the cons ume r . Cos t i s , o f  c ourse , j u s t  one o f  th e 
factors i n  the ach i evem e n t  of a ba l a nce b e tw e e n  e nv i ronme n t al p ro­
tect ion a nd e ne rg y  d e ve l opme n t  and s e c ur i ty .  

I n  pa r t , these  h i g h e r  c os t s  res u l t  from ove r l y  con s e rva t i ve a nd 
protect ive control s tr a t eg i e s , some of wh ich are not b a s ed on va l id 
s c i e nt i f i c s t u d i e s  tha t h ave b e e n  s ub j e c t  to pee r  r e v i ew . The NPC 
b el i eves that  a b e t t e r  ba l a nc e  i s  need ed , a nd that control s tr a t e­
g i es should b e  d e v e l op ed b a s ed on val id s c i e n t i f i c s t u d i e s  tha t 
h ave b e e n  s ub j e c t  to pe e r  rev i ew . 

I n  ad d i t ion to the s e  h ig h e r  id e nt i f i ed cos ts are the s ig n i f i­
can t ,  b u t  d i f f ic u l t  to q uan t i fy ,  " c os t s  o f  d e l ay "  that  r e s u l t  from 
d e l ays i n  the pe rm i t t i ng proces s .  The NP C b e l i eve s t h a t  s teps a r e  
n e e d ed t o  improve the pe rm i t t i ng proc e s s  i n  ord e r  t o  f ac i l i ta t e  
dome s t i c  o i l  and g a s  resou r c e  deve l opme n t . 

A recent  pe troleum i nd u s try e x pe nd i ture s urvey ( repr e s e n t i ng 7 0  
pe rcent o f  re f i n i ng c apac i ty )  by the Ame r i ca n  Pe t ro l e u m  I ns t i t u t e  
i nd ic a te s  that expe nd i tures fo r e nv i ronme ntal p rot e c t ion d ur i ng t h e  
1 9 7 1 - 1 9 8 0  pe r iod tot a l ed $ 2 1 . 1  b i l l ion a s  spen t . A 1 9 8 0  B a t te l l e  
s tudy fo reca s t s  the cap i tal expend i tures o f  the conve n t ional p e tro­
leum i nd u s try for e n v i ronme n t a l  prote ct ion ( e xc l ud i ng the impa c t  o f  
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RCRA ) to b e  $ 5 7  b i l l i on ( cons tant 1 9 7 9  d o l l a rs ) fo r t h e  1 9 7 0- 1 9 9 0  
pe r iod , w i th an nual ope ra t i ng c os t s  o f  ab ou t $ 6  b i l l i o n  ( cons tan t 
1 9 7 9  dol la rs ) pe r ye a r  i n  the la t t e r  hal f o f  t h e  1 9 8 0 ' s .  For ad d i ­
t ional de t a i l s  a nd a b re akd own o f  the e x pe n d i t u re s , s e e  Tab le s  6 
through 1 4  i n  C h ap t e r  On e .  

I n  ord e r to p u t  t h e s e  expe nd i tu r e s  and f o r e c a s ted cos t s  i n  pe r­
spe ct i ve , Tab l e 1 5  of Ch ap t e r  One s hows t h e  e s t i ma t ed i ncreme n t a l  
e nv i ronme n tal control expe nd i tu r e s  fo r b o t h  t h e  p ub l i c  and p r i v a t e  
s e c tors i n  t h e  Un i t ed S ta t e s  for t h e  1 9 7 9 - 1 9 8 8  per iod , a s  pro j e c te d  
b y  the Coun c i l  on Env i ronme n tal Qual i ty i n  1 9 8 0 . D ur i ng t h e  1 0  
ye a rs from 1 9 7 9  t hrough 1 9 8 8 , tot a l  s pe nd i ng i n  r e s po n s e  to t h e  
fed e ral e nv i ronme n tal q ua l i ty r eg ul a t ions i s  expe c t ed to reach 
$ 5 1 8 . 5  b i l l ion . 

The es t i ma t ed b re akd own of th i s  s pe nd i ng b y  e nv i ronme n t a l  
program i s  pr e s e nted b e l ow :  

• A i r  - - $ 3 0 0  b i l l i on ( 5 8  p e r c e n t ) 

• Wa t e r  - - $ 1 7 0 b i l l i on ( 3 3 pe rce nt ) 

• Land Re c lama t ion -- $ 1 5 . 3  b i l l i on ( 3  p e r c e n t ) 

• H a z a rd ou s  Wa s te Ma nageme n t  -- $ 1 5 . 4  b i l l i o n ( 3  p e r c e n t ) 

• Control of H a z a rd ou s  S ub s tances - - $ 8 . 2  b i l l i on ( 2  pe r c e n t ) 

• No i se Control - - $ 6 . 9  b i l l i on ( 1  pe r c e n t ) .  

These le vel s of e nv i ronme n tal expe nd i tu r e s  b y  t h e  pe troleum 
i nd u s t ry as we l l  as  other pub l ic a nd pr ivate s eg me n t s  w i t h i n  t h e  
u n i ted S t a tes e v i d e nce a cont i nu i ng commi tme n t  t o  e nv i ronme n tal 
qua l i ty .  
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CHAPT ER ONE 

GENERAL CON S I DERAT IONS REGARD I NG E NVI RONMENTAL CON S E RVAT I ON 

I NTRODU CTION 

Be fore e xam i n i ng the i s s ue s  conc e rn i ng the pe t ro l e um i nd u s t ry 
and the  envi ronme n t , i t  i s  he l p f u l  to p l a c e  i n to p e r s pe c t ive the 
f u t ure d i r e c t ion of  the i nd us t ry . Th e vo l ume a nd c ompone n t s  o f  
e ne rgy pr od u c t ion a nd cons umpt ion h ave a d i r e c t  b e a r i ng o n  the 
na t ure a nd e x t e n t  o f  the e nv i ronme n t a l  prote c t i on me chani sms 
n e c e s s a ry . 

Some o f  the b a s ic e nv i ronme ntal laws we re pa s se d  i n  the 1 9 6 0 ' s  
a nd ear l y  1 9 7 0 ' s , whe n  the p r i c e  o f  c rude o i l  was e x t reme l y  l ow and 
the dome s t ic economy and e ne rg y  cons ump t ion were b e l i eved to b e  
con t i n u i ng t o  e xpa nd un ch e c ked . I n  add i t io n , s ta te a n d  loc a l  
g ov e rnme n t s  we r e  expe r i e nc i ng d i f f i c u l t i e s  i n  me e t i ng t h e i r  cons t i­
t ue n ts • n e e d s  r es u l t i ng from tha t  growth . A n a t i on a l  conc e rn d e­
ve l oped t h a t  s ta t e  a nd local gove rnme n t  e n t i t i e s  c o u l d  not pr ope r l y  
ma nage the  c omp l ex respons ib i l i t ie s  of  e n v i ronme n t a l  prote c t io n , 
t h a t  fed e ral prote c t ion a nd s t and a rd s  we re req u i red , a nd leg i s l a ­
t ion t o  t h a t  e f fe c t  wa s e n a c t ed . 

The e n e rg y  d ema nd growth expe ct a t ion was l i nked d i re c tl y  to the 
e xpe cted Gros s Na t ional Prod u c t  ( GNP ) g rowt h , wi th some e a r l y  
1 9 7 0 ' s  e s t imates pr o j e ct i ng t h a t  1 9 8 5  u . s .  e ne rg y  consump t ion wo u l d  
b e  as h ig h  as 1 3 0  quad r i l l i on B r i t i s h t h e rmal  u n i t s ( B tu ' s ) . 
( C urre n t  e s t i ma t es a re on the orde r o f  8 3  q u ad r i l l i o n  B t u ' s  or 
l e s s . ) H i g h  e n e rg y  c o n s umpt ion proj e ct ions imply h ig h e r  l e ve l s  o f  
emi s s io ns . 

The ear l y  1 9 7 0 ' s  ene rg y  pro j e c t ions were prove n wrong b y  events  
of  that d e cade . F i g ur e  1 c ompares the  ac t u a l  e n e rg y  c o ns ump t ion 
d ur i ng the  1 9 7 0 - 1 9 8 0  per iod w i th ene rgy d ema nd fore c a s t s  prepared 
b y  the Na t ional Pe troleum Coun c i l  ( NP C ) at the b e g i nn i ng , m idpo i n t ,  
a nd e nd o f  the d e c ad e . The Organ i z a t ion o f  Pe trol eum E xpo r t i ng 
Coun t r i es c rude o i l  pr i c e  i ncreases a nd the  emb a rg o  of 1 9 7 3 - 1 9 7 4 b y  
t h e  Arab memb e r  c o u n t r i e s , toge the r wi th t h e  c u t o f f  o f  I ra n i a n  
imports  i nto the Un i t ed S t a t e s  i n  De cemb e r  1 9 7 8  a nd othe r econom i c  
and pol i t i c a l  e ve n t s , d r amat i c a l l y  a l tered the  e ne rg y  consump t ion 
p a t t e rns in  the  Un i ted S t a tes a nd ch a ng e d  t h e  pub l i c  pe rcep t ion of  
e n e rgy a nd i t s pos i t ion in  the economy . 

To p lace the pe t ro l eum i nd u s t ry ' s  f u t ure c on t r ib u t ions  to U . S .  
e ne rgy supply i n  pe rspe c t ive , a b r i e f  s umma ry o f  a r e c e n t  s uppl y/ 
demand pro j e c t io n  through 1 9 9 0  i s  pre s e n t ed . Fo l l ow i ng tha t 
s e ct ion i s  a h i s to ry a nd d e s c r ip t ion of the ma j o r  e nv i ronme ntal  
laws con c e rn i ng the  o i l  a nd gas  i nd u s t ry a nd a d i s c u s s i o n  o f  the  
cos ts of  e nv i ronme n tal con trol to the  pe troleum i nd u s try . 
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NOTE : Actual data from Energy I nformation Admin i stration , 1980 Annual Report to Congress, Volume I I .  Projected data from 
National Petro leum Counci l ,  as c i ted . 

U . S .  E N E RGY AN D PETRO LEUM SUPPLY/DE MAN D PROJ E C T I ONS 

Th e fo l lowi ng pro j e c t i ons were d r awn f r om t he Low Dema nd C a s e  
of  the  NPC ' s  1 9 8 0  r epor t , Re f i n e ry F l e x ib i l i t y . The s e  pro j e c t i o n s  
prese nt t he " ad j u s ted ave r ag e " b a l a nc e s  o f  the l owe s t  qua r t i l e  
re spons e s  t o  a 1 9 8 0  NPC s urvey o f  3 5  o rgan i z a t ions  t h a t  r e g u l a r l y  
prepa r e  s uch fo r e ca s t s . T h e  NP C b e l i ev e s  t h a t  t h e s e  proj e c t ions 
pre se n t  a repr e s e n t a t i ve a s s es sment of  the  trend o f  f u t ure e ne rg y  
s uppl y/demand i n  t h i s  coun t ry , a l t hough ma ny ob s e rv e rs o f  the  
e n e rgy s i t u a t ion a re pro j e c t i ng even l owe r l e ve l s  o f  u . s .  e ne rg y  
d ema nd i n  1 9 9 0 . 
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I .  u.s. Total Energy Cons umpt ion 

Dur i ng the de cade of  the 1 9 8 0 ' s ,  U . S . e ne rg y  c ons umpt io n  i s  
expec t ed to expe r i e n c e  a 1 . 5  pe r c e n t  annual  r a t e  o f  growt h , wh i l e  
compa rab l e  real GNP g r owth i s  expe c t ed t o  b e  2 . 1  pe rcent pe r ye a r . 
Dur i ng the  1 9 6 0 ' s  a nd 1 9 7 0 ' s  the annual  a ve r a g e  i nc re a s e  i n  con­
s ump t ion was 4 . 2  pe rcent a nd 1 . 3  pe rce n t , r e s pe ct ive l y ,  w i th annu a l  
ave rage GNP growth o f  3 . 8 pe rcent a n d  3 . 3  perce n t . Tot a l  U . S .  
e ne rg y  c o n s ump t ion i s  expe c t ed to i ncrease  from 7 6 . 3  q uad r i l l i on 
Btu ' s  i n  1 9 8 0  to 8 8 . 6  q u adr i l l ion B t u ' s  i n  1 9 9 0 . F i g ur e  2 and 
Tab le 1 pre s e n t  the s e  da t a , a s  we l l  a s  the h i s to r i c a l  a nd proj e c t ed 
total e n e rg y  c o ns ump t ion pe r dol lar o f  re a l  GNP . 

F i g ure 3 a nd Tab l e  2 pre sen t a c ompa r i son o f  U . S .  ene rg y  
cons ump t ion by type of  e n e rg y .  O i l  and g a s  comb i ned a r e  expe c t ed 
to cons t i t u t e  a de c l i n i ng ab so l u t e  vo l ume , a s  we l l  a s  a d e c re a s i ng 
perce ntag e of  the pro j e c t ed t o t al U . S .  e ne rg y  c o ns umpt ion . Th u s , 
the pro j e c t ed cons ump t ion o f  o i l  a nd g a s  i s  e x pe ct ed to d e c l i ne b y  
2 . 4  pe r c e n t  i n  th i s  d e cade , c ompa red t o  t h e  5 8 . 3  pe rcent  i nc r e a s e  
from 1 9 6 0  t o  1 9 7 0  a n d  the 6 . 4 pe r c e n t  i nc r e a s e  from 1 9 7 0  t o  1 9 8 0 . 
The pe rcentag e  of  o i l  a nd gas  cons umpt ion to t o t a l  e ne rg y  c ons ump­
t ion i s  a l so expe c t ed to d e c l i ne i n  th i s  d e c ad e , from 7 1 . 6  percent  
of tot a l  e ne rgy c o n s umpt io n  i n  1 9 8 0  to 6 0 . 1  pe r c e n t  i n  1 9 9 0 . 

TABLE 

u . s .  Energy Consumption and Gross Nationa l Product - - 1 9 6 0 - 1 99 0 * 

Actua l 1 9 60 Data 

Actual 1 9 7 0  Da ta 

Actua l 1 9 80 Data 

1 9 8 5  Proj ection 

1 9 9 0  Pr o j ection 

Actual 1 9 6 0 - 1 9 7 0  Data 

Actua l 1 9 7 0 - 1 9 8 0  Data 

1 9 80- 1 9 8 5  Pr o j ection 

1 9 8 5 - 1 9 9 0  Pr o j ection 

1 9 7 0 - 1 99 0  Pr o j ection 

Total Energy 

( Quadril lion Btu ' s )  

4 4 .  1 0  

66 . 8 3 

7 6 . 2 6  

82 . 9 2 

8 8 . 5 9 

Gro s s  National Product 

( B i l l ion 1 9 72 Do llars ) 

73 7 

1 , 0 7 5  

1 1 48 1  

1 1 6 3 0  

1 1 82 0 

Annual Growth Rate ( P ercentage ) 

4 . 2  3 . 8  

1 .  3 3 . 3 

1 .  6 1 .  9 

1 . 3 2 . 2  

1 . 4  2 . 7  

*Actual energy consumption data from Energy Information Adminis­

tration , 1 9 8 0  Annual Report to Congr es s , Volume I I .  Actual Gros s 

National Product data from u . s . Department of Commerc e ,  Bureau o f  

Economic Analys i s . Pro j ected data from National Petro l eum Counc il , 

Refinery Fl exibi l ity , 1 9 8 0 .  
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F igure 2 . U . S .  G ross Nat iona l  Prod u ct and Energy Consu m pt ion Project ions-1 960-1 990 . 
NOTE: Actual energy consumption data from Energy I nformation Admin istrat ion, 1 980 A nnual Report to Congress , Volume I I .  

Actual G ross National Product data from U.S. Department o f  Commerce, Bureau o f  Economic Analysis. P rojected data from 
National Petroleum Counci l ,  Refinery Flexibility, 1 980. 
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F i g u re 3 .  U .S .  Energy Consumpt ion  by Type of Energy-1 960-1 990. 

NOTE: Actual data from Energy I nformation Admin istration, 1 980 Annual Report to Congress, Volume I I .  Projected data from 
National Petroleum Counci l ,  Refinery Flexibility, 1 980. Percentages are share of total consumpt ion i n  year shown. 
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N 
0 

TABLE 2 

U . S  E n ergy Consumpt i o n  -- 1 9 6 0 - 1 9 9 0 *  

Actual Perc e nt a ge Actua l Percentage Actua l Percentage Pro j ected Perc entage Pro j ected Percentage 
1 96 0 t  o f  Tota l  1 9 7 0 t  o f  Tot a l  1 98 0 t  o f  Tot a l  1 9 8 5 t  o f  Tot a l  1 9 9 0 t  o f  Tota l  

Petro l eum 2 0 . 0  45 . 3  2 9 . 5  44 . 2  3 4 . 2 44 . 8  3 4 . 9  42 . 1 3 3 . 7  38 . 0  

Natural G a s  1 2 . 4  2 8 .  1 2 1 . 8 32 . 6  2 0 . 4  2 6 . 8  1 9 . 5  2 3 . 5  1 9 . 6  2 2 . 1  

Subtotal 32 . 4  7 3 . 4  5 1 . 3  7 6 . 8  5 4 . 6  7 1 . 6  5 4 . 4  6 5 . 6  53 . 3  6 0 . 1 

Coal 1 0 .  1 2 3 . 0  1 2 . 7  1 9 . 0  1 5 . 7  2 0 . 6  1 9 . 5  2 3 . 5  2 4 . 2  2 7 . 3  

Nuc l ear o . o  < 1  0 . 2  < 1 2 . 7  3 . 5  5 . 3  6 . 4  7 . 0  7 . 9  

Hydro a nd 
Oth er 1 . 6 3 . 6  2 . 6  3 . 9  3 . 2  4 . 2  3 . 6  4 . 3  4 . 1 4 . 6  

Tota l  4 4 . 1 1 0 0 . 0  6 6 . 8  1 0 0 . 0  7 6 . 3  1 0 0 . 0  82 . 9  1 0 0 . 0  8 8 . 6  1 0 0 . 0  

* Actual data from E n e r gy Informa t i o n  Admi n i s trat i o n , 1 9 8 0  Annual R eport to C o ngr es s , Vo lume I I .  Pro j ect ed data f r om 
Nat ional Petrol eum Counc i l , R e f i n ery F l ex i b i l i ty ,  1 9 8 0 . 

tQuadr i l l i o n  Btu ' s .  



I I .  U . S .  P e t ro l e um S uppl y  

F i g ure 4 a nd Tab l e  3 c ompa re t h e  s uppl y  pr oj e c t ions o f  d ome s t i c  
l iq u i d s  prod u c t ion ( c rude o i l a nd condensate  a nd n a t u r a l  g a s  l i­
qui d s ) w i th pe troleum i mpo r t s  to 1 9 9 0 . The 1 9 8 0  N P C  s urvey i nd i ­
ca ted th a t  c o nve n t ion al l iq u i d s  prod u c t ion i s  pro j e c t ed to de c l i n e  
s h a rply , from 1 0 . 2  m i l l i o n  ba rrel s pe r day ( MMB/D ) i n  1 9 8 0  t o  8 . 5  
MMB/D i n  1 9 9 0 . Synt h e t i c  c rude o i l  prod u c t i on i s  pro j e c t ed to 
i n c rea se from zero in 1 9 8 0  to 0 . 5 MMB/D in 1 9 9 0 . 

Tot al U . S .  i mpo r t s  ( c rude and un f i n i s hed o i l s , a nd f i n i shed 
prod u c t s  a nd na t ur al gas l iq u i d s ) are expe ct ed to i n c re a s e  from 6 . 8 
MMB/D i n  1 9 8 0  to 7 . 5  MMB/D b y  1 9 9 0 , w i th approx i ma t e l y  the s ame 
c rude o i l /prod u c t  proport i o ns as i n  1 9 8 0  - - t h ree-qua r te rs crude 
o i l , one- q ua r t e r  prod uc t s . 

TABLE 3 

u . s .  Petrol eum Supply -- 1 96 0 - 1 99 0 *  
( Mil lions of Barrels Per Day ) 

Actual 
1 960  1 9 7 0  1 980  

Domestic Production 
Crude Oil and Condensate 7 .  1 9 . 6  8 . 6 
NGL 0 . 9  1 .  7 1 . 6  
Syncrude Production o . o  o . o  o . o  

subtotal 8. 0 1 1 . 3 1 0 . 2  

Imports 
Crude and Unfinishe d  Oils 1 . 0  1 . 3 5 . 2  
Products and NGL 0 . 8 2 .  1 1 .  6 

Subtotal 1 .  8 3 . 4  6 . 8  

Proc essing Gain 
and Stock Change 0 . 2  0 . 3  0 . 6 

Total Petroleum Supply 1 0 . 0  1 5 . 0  1 7 . 6  

Pro j ected 
1 985  1 990  

8 . 0  7 . 5 
1 . 2 1 .  0 
0 .  1 0 . 5  

--

9 . 4  9 . 0  

6 . 0  5 . 7  
1 . 7  1 .  8 
7 . 7  7 . 5  

0 . 5  0 . 5  

1 7 . 6  1 7 . 0  

*Actual data from Energy Information Administration , 1 98 0  Annual 
Report to Congress , Vo lume I I .  Proj ected data from National Petroleum 
Council ,  Refinery Flexibi lity , 1 980 . Columns may not add due to 
rounding. 

I I I . u.s. Pe t ro l e um Demand 

The proj e c t ed 1 9 9 0 t o t al U . S .  pe tro l e u m  demand pre s e n t ed i n  
F i g ure 5 a nd Tab l e  4 r e f l e cts  the conse rva t i o n  o f  re s ou rc es a nd the 
s h i f t  in energ y  r aw ma t e r i als  res u l t i ng f rom the po l i t ic a l  a nd 
econom i c  e ve n t s  of  r e c e n t  yea rs . Tot a l  u. s. pe t ro l eum d emand i s  
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NOTE: Actual data from Energy I nformation Admin istration ,  1980 Annual Report to Congress. Volume I I .  Projected data from 

National Petroleum Counc i l ,  Refinery Flexibility, 1 980. Percentages are share of total imports in yea r shown . 
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NOTE Actual data from Energy I n formation Admi n istration. 1980 Annual Report to Congress. Vol ume I I .  Projected data f rom 
National Petroleum Counc i l ,  Refinery Flexibility. 1 980 . Percentages are share of total demand i n  yea r shown. 

TABLE 4 

Total u . s .  Demand for Products -- 1 960- 1 99 0 *  
( Mil lions of Barrels Per Day ) 

Actual Projected 
1 960  1 9 7 0  1 98 0  1 98 5  1 99 0  

Motor Gasoline 4 0 1 5 . 8  6 . 9  6 . 5  6 . 0 
Jet Fuel 0 . 3  1 0 0 1 0 1 1 . 1  1 0 2 
Distil late Fuel Oil 1 0 9 2 . 5 3 . 0  3 . 4  3 . 5  
Residual Fuel Oil 1 0 5 2 . 2  2 . 5  2 . 0 1 0 4 
Other 2 . 2 3 . 2  3 . 5  4 . 4  4 . 7  

Total Domestic 
Demand for 
Products 1 0 . 0  1 4 . 7  1 7  0 0 1 7 . 4  1 6 . 8  

*Actual data from Energy Information Administration , 1 980  Annual 
Report to Congress , Volume I I .  Proj ected data from National Petroleum 
Counci l ,  Refinery Flexibility, 1 98 0 .  
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expe c t ed to r ema i n  f a i r l y  c o ns t ant , a l t hough the e c onomy a s  m e a­
s ured b y  the GNP i s  e xpe c t ed to g row . The d ema nd w i l l  d e c r e a s e  
from i t s pe ak o f  1 8 . 8  MMB/D i n  1 9 7 8 to 1 6 . 8  MMB/D i n  1 9 9 0 . 

The mo s t  s ig n i f i c a n t  d e c l i ne i n  the o u t l ook for f u t u r e  U . S . 
prod u c t  dema nd o c c u rs i n  the demand for r e s i d u a l  f u e l  o i l , wh i c h  i s  
e xpe c t ed to d e c re a s e  approximately 4 4  percent  ove r t h e  n e x t  d e cade . 
Wh i le the amount of  h ig h- s u l f u r  r e s i d u a l  f u e l  o i l  a s  a pe r c e n tage 
o f  tot a l  res i d u a l  fuel oil demand is e x pe c ted to i nc re a s e  b y  2 p e r­
cent , the ab so l u t e  vo l ume i s  v i r t u a l l y  h a l f of  t h e  1 9 8 0  l e ve l . 

Al so , d ema nd fo r midd l e  d i s t i l la t e s  ( keros i ne a n d  h e a t i ng o i l  
No . 1 ,  ke ros i ne- type j e t  fuel , a nd d i s t i l la te f ue l s ) i s  proj e c ted 
to rema i n  e s s e n t i al l y co ns tant  ove r the de c ad e ; mo tor g a so l i ne 
d emand i s  e x pe c ted to d e c rease  from a h ig h  o f  7 . 4 MMB/D i n  1 9 7 8  to 
6 . 0  MMB/D in  1 9 9 0 , of  wh i ch o n l y  0 . 5 MMB/D i s  a n t i c i pa t e d  to b e  
l e ad ed . 

LEG I S LAT I VE AN D REGU LATORY CON S I DERAT I ONS 

Dur i n g  the 1 9 7 0 ' s ,  gove r nmen t  l aws a nd reg u la t i o n s  at a l l  
leve l s  ( fe d e r a l , s ta t e , a nd l ocal ) placed a n  ex t r aord i na ry numb e r  
o f  c o ns tra i n t s  o n  the pe tro l eum i ndus t ry a s  we l l  a s  o n  al l the 
b a s ic i nd u s tr i e s  i n  the n a t ional economy . Thos e key l aws t h a t  h ave 
a ma j o r  i mpa c t  o n  the pe tro l eum i nd u s t ry a re d i s c u s s ed b e l ow , as  
are  the pr i nc i pa l i nt e r n a t ional ma r i ne conve n t ions to prot e c t  the 
e n v i ronme n t . 

I .  Nat ional  

No  oth e r  d ome s t i c  po l i cy chal l e ng e s  o f  r e c e n t  t ime s h a ve b e e n  
addres sed b y  a l l  leve l s  o f  g ove rnme n t  a s  fo rce f u l l y ,  q u i ck ly , a nd 
s u cc e s s f u l l y  a s  h ave the tasks of  red u c i ng the d eg r ad a t ion o f  the 
U . S .  e nv i ronm e n t  a nd p r e s e rv i ng i ts pr i s t i n e  a r e a s . S i nc e  the 
NPC ' s  1 9 7 1  report on th i s  s ub j e c t , the Un i t ed S t a t e s  h a s  e ntered 
i nto a l o ng- t e rm c ommi tme n t  to  re s tore a nd protect  the q ua l i ty o f  
the e nv i ronme n t . Fo l l owi ng the pa ss age o f  the N a t i on a l  E nv i ron­
me ntal Po l i c y  Ac t of  1 9 7 0  ( N EPA ) at the s tart of  the d e c ad e , some 
43 oth e r  ma j o r  e nv i ro nme n t a l  l aws a nd ame ndme n t s  to those l aws h ave 
b ee n  e n ac t ed , a l ong w i t h  a numb e r  of o t h e rs t h a t  a re keyed to 
spe c i f i c  prob l e m  a r e a s . Appe nd i x C l i s t s those l aws b y  year of 
p a s s ag e . 

Beg i nn i ng i n  the e a r l y  1 9 7 0 ' s ,  Cong r e s s  i nc r e a s ed t h e  fed e ral 
autho r i ty in  po l l ut ion con trol a nd e n v i ro nme n t a l  prote c t i o n . Dur­
i ng t h i s  pe r i od , Cong r e s s  al so b e g a n  to p a s s  l aws t h a t  e s tab l i shed 
te chno l ogy-b a s ed g u ide l i nes a nd te chnolog y- for c i ng prov i s i ons , i n  
spi te o f  the fact t h a t  the tech no l og i e s  we r e  not f u l ly d e ve l ope d . 
I nd u s t ry was f a c ed w i t h  the prob l em of eq u ippi ng n e w  a nd e x i s t i ng 
i nd u s tr i al p l a n t s  w i th po l l ut ion control f ac i l i t i e s  who s e  re l i ­
ab i l i ty a nd e f f i c i e n cy h ad not yet b e e n  d emon s trated . 

I n  order  to unde rs tand the b re adth a nd c omp l e x i ty o f  the key 
l aws pa s sed d ur i ng t h e  1 9 7 0 ' s ,  a nd to ach i eve a n  appr e c i a t ion of  
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the i n ter a ct ions a nd mu l t iplyi ng e f fe c t s , the fo l l owi ng l aws a n d  
the i r  key a s pe c t s  are d i sc u s sed b e low .  

• N a t ional Env i ronme ntal Po l i cy Act 

• C l e a n  Air  Ac t 

• C l e a n  Wa t e r  Ac t 

• S a fe Dr i nk i ng Wa ter Ac t 

• Resource Cons e rva t ion and Re cove ry A c t  

• Comprehens ive Env ironme ntal Re spo n s e , Compe ns a t ion a nd 
L i ab i l i ty Ac t 

• E ndang e r ed S pe c i e s  Ac t . 

I t  i s  i n t e nded that th i s  l i s t  b e  vi ewed w i thou t pr i or i t i e s  i n  
m i nd - - i t  i s  s impl y  a l i s t i ng o f  tho s e  s t a t u t e s  t h a t  r epr e s e nt 
ma j o r  impa cts on pe tro l e um ope ra t i ons . Th e e nv i ro nmen t a l  cons id­
e r a t io ns s e ct i ons o f  this  repo rt ad d r e s s  the s e  a nd oth e r  laws and 
reg u la t ions s pe c i f ic to i nd u s try s eg me n t s .  

A n umb e r  of  key feder a l  s ta t u t e s  a nd r eg u la t i o n s  imp i n g e  more 
d i r e c t l y  o n  the pe troleum i nd u s try ope ra t i ons in Al a ska a nd they 
have b e e n  ad dres s ed in the NPC ' s  1 9 8 1  r e por t , U . S .  Arc t i c  O i l  and 
Gas . The fol lowi ng a re of pa rt ic u l a r  i n teres t to Ala ska : 

• A l a ska n Na t ional I n t e res t Land s C o ns e rva t io n  Ac t 

• N a t ional P e troleum Re s e rve-A l a ska Le a s i ng Ac t 

• Depa rtme nt o f  the I n t e r i o r ' s  F i s c a l  1 9 8 1 Approp r i a t io ns Ac t .  

A .  N a t ional E nv i ronme n t a l  Pol i cy Ac t 

The N a t i onal Env i ronme n tal Po l i cy Act of  1 9 7 0  s e t  fo r t h  a 
n a t io n a l  po l i cy " to e nc o ur age ha rmo ny b e twee n  man a nd h i s  e nv i ron­
me nt , to promo t e  e f fo r t s  to preve n t  or e l i m i n a t e  damage to the 
e nv i ronme n t  a nd promote the h e a lth a nd we l fa re of ma n , to e n c o urage 
a b e t te r  u nd e rs tand i ng of  ecolog i c a l  sys tems and na tural resources  
th a t  are  important  to the nat ion , and to c re a te a C ounc i l  on 
Envi ronme n tal Qua l i ty . " 

A key e l eme n t  of  NEPA i s  i ts ac t i on- fo rc i ng prov i s io n  - - t h e  
requi reme n t  that n o  ma j or federal  a c t ion a f fe c t i ng the e nv i ro nme n t  
may b e  taken b y  a fede ral age ncy un t i l i t  h a s  a n a l y zed t h e  e nv i ­
ronme n t al conseq u e nc e s  o f  the propos ed a c t i on a n d  poss ib l e a l t e rn a­
t ive s . Not al l fede ral age ncy act ions r eq u i re a n  e nv i ronme n t al 
impact s ta teme n t  ( E I S ) . Some important  a c t io n s , s uch a s  the g ra n t­
i ng of a Preve n t ion of S ig n i f i c a nt De t e r i o r a t i o n  ( PS D )  pe rm i t ,  a r e  
exempt from t h e  c ove rage of  NEPA . Agenc i e s a l so h ave the a u t hor i ty 
to make a f i nd i ng a f te r  a b r i e f  e nv i ronme n tal a s s e s sme n t  t h a t  a 
proposed a c t i o n  w i l l h a ve no s i gn i f i ca n t  impa c t  a n d  prepare no 
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f urthe r analys i s . I n  ad d i t io n , some impo r t a n t  pe troleum i nd u s t ry 
perm i t s  s uch a s  o n s hore d r i l l i ng pe rmi ts norma l l y  r eq u i re o n l y  a n  
e nv i ronme ntal a s se s sme n t , eve n i f  the re i s  no f i nd i ng o f  s ig n i f i­
can t  i mpact . B u t  whe re n o  e x empt ion app l i e s  and the r e  i s  s ome 
impa c t , a n  E I S  m u s t  be prepa red . Al though some l a rg e  proj e c t s  h ave 
been approved wi thout an E I S , it  i s  near l y  ce r t a i n  that a ny ma j o r  
e ne rg y  pro j e c t  w i l l  i nvo l ve a t  l e a s t  one " ma j o r  f e d e r a l  ac t io n , "  
neces s i t at i ng pre pa r a t ion o f  a n  E I S . Regard l e s s  o f  wha t  t r i g g e r s  
t h e  E I S , t h e  env i ronme ntal analys i s  m u s t  c ove r the e nt i re pro j e c t  
a nd a l l  of  i t s  impa c t s , n o t  j u s t  the spe c i f i c  a ct i v i ty tha t may 
h ave fo r c ed the r ev i ew .  

The pr epa r a t i o n  of  a n  E I S  i s  a t ime- c ons umi ng proce s s . The E I S  
mu s t  e xami n e  the e nv ironme nt a l  impa c t  o f  the propos ed a c t i o n , ad­
ve rse e nv i ronme ntal e f f e c t s  that cannot be m i t ig a t ed , a l t e rn a t iv e s  
to t h e  propos ed act ion , t h e  re l a t ionsh i p  b e twe e n  s ho r t- a nd long­
t e rm b e ne f i ts and cos t s , a nd i rreve r s ib le comm i tme n t s  o f  r e s o u r c e s  
a s soci a ted w i th t h e  propos ed a c t ion . N EPA i s  e s s e n t i a l l y  a 
proced u r a l  s tatu t e ; wh e re a n  E I S  i s  nece s s a ry ,  i t  m u s t  b e  prepa red 
in ac cord w i t h  a s tr i ct s e t  of proc ed ur e s . E a r l y  in the proce s s , 
the ag e ncy mu s t  pub l i s h a not ice  of  i ntent to prepare a n  E I S  a nd 
i nv i t e  pub l i c  i np u t  to d e te rm i n e  the scope o f  i s s ue s  t h a t  w i l l  b e  
ad dres sed . A f te r  t ha t ,  a d r a f t E I S  w i l l b e  prepa red and mad e 
p ub l ic l y  a va i l ab l e .  The agency mu s t  hol d h e a r i ng s  on the propo s a l  
a nd t h e  d ra f t .  Comme n t s  made on the d r a f t b y  a ny pa rty mu s t  b e  
spe c i f i c a l l y  ad d re s s ed i n  the f i nal  E I S . Age n c y  a c t ion on th e 
proposed pe rmi t or ot h e r  ac t ion cannot b e  mad e b e fore p ub l i ca t io n  
o f  t h e  f i na l  E I S  a n d  preparat ion of  t h e  pub l i c r e c o rd o f  d e c i s ion , 
i nd i c a t i ng t h e  f a c t o rs t h a t  l e ad to i t s f i nal  cho i ce . I f  a n  ag e ncy 
fa i ls to mee t  the proc e d u r a l  r eq u i r eme nts o f  N E PA , a ny par ty may go 
to f ed e r al cou r t s  a nd ob t a i n  an i nj un c t ion prev e n t i ng a c t i o n  un t i l  
a n  ad eq uate E I S  h a s  b e e n  prepared . N EPA l e ga l  s u i t s  rare l y  i nvol ve 
the me r i t s  o f  the propos ed proj e c t , b u t r a th e r  turn o n  the q ue s t ion 
o f  whe th e r  a federal  age ncy h a s  me t proc e d u r a l  r eq u i re ment s .  

Prepa r a t ion o f  a n  E I S , w i th i t s  concomi tan t d a t a  col le ct i on a nd 
pub l i c  h e a r i ng s , may take b e tween one a nd two y e a rs . T h i s  d e l ay 
ge ne ral l y  i nc re a s e s  the pro j e c t ' s  c os t s . A l though th i s  a ct i v i ty 
has b e en i n corpor a ted i n to mos t  of the pl a n n i ng proce s se s ,  t h e  
d e l ay c a n  b e c ome c r i t i c a l  a t  t imes a nd c a n  ad d t o  t h e  unce r t a i n ty 
o f  c e rt a i n  h ig h- r i sk proj e c t s .  

The me thodolog y  o f  E I S  prepa ra t i on of ten re s u l t s  i n  a n  exami na­
t ion o f  wo rs t-case scenar i os a nd oth e r  con j e ct u r a l  impa c t s , wh i c h 
may pa i nt an und u l y  d i s to rt ed p i c ture  of  the l i k e l y  h a z a rd s  a c t u a l ­
l y  a s so c i a ted wi th t h e  pro j e c t . Th i s  can r e s u l t  i n  t urn i ng p ub l i c  
op i n ion ag a i ns t  the proj e c t . U t i l i z a t ion o f  prop e r  r i sk tech n iq ue s  
wou l d  pro v i de a mor e  b a lanced p i c t ure o f  the l ike l y  c a s e . 

B .  C l e a n  Ai r A c t  

The fede ral gove r nme n t  f i rs t  a ss umed r e s pons ib i l i ty f o r  con­
trol l i ng a i r po l l u t ion u nd e r the A i r  Po l l u t io n  Control  Ac t o f  1 9 5 5 . 
Th i s  Act  was then ame nd ed b y  the C l ean A i r  Ac t o f  1 9 6 3 and the A i r  
Q ua l i ty Act o f  1 9 6 7 . F u r the r ame ndme n t s  we r e  ad ded i n  1 9 7 0  a nd 
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1 9 7 7 .  Th e 1 9 7 0 ame nd me n t s  to the C l e a n  A i r  Ac t formed the f o u nd a­
t ion for the n a t i o n ' s  pr e s e n t  approach to a i r qua l i ty manag ement by 
e s t ab l i sh i ng the requ i r eme nt tha t Na t io na l  Amb i e n t  Ai r Qua l i ty 
Stand ards ( NAAQS ) ( d e s i g ned to prote c t  publ i c  he a l t h  and we l f are ) 
for perva s i ve pol l u ta n t s  be a t t a i ned and ma i n ta i n e d  a t  a l l  l oc a­
t ions i n  the country . Th e 1 9 7 0 ame ndme n t s  s t i p u l ated f u r th e r  
protect ion o f  e x i s t i ng a i r  qua l i t y b y  requ i r i ng the u s e  o f  bes t 
ava i l ab l e  con tro l s  o f  po l l u ta n t s a t  al l new f ac i l i t i e s . Th e P S D  
po l i cy , cod i f i ed i n to l aw i n  1 9 7 7 ,  requ ire s tha t g eog raph i c  a r e a s  
whose a i r qua l i ty i s  a l r e ady better t h a n  NAAQS f o r  a pa r t i c u l ar 
pol l u tant shal l b e  pro te c ted aga i n s t  " s ig n i f i c a n t  d e te r iora t io n "  o f  
t h a t  qual i ty .  On ly a sma l l  inc reme n t , i f  any , o f  a NAAQS c an then 
be add ed to the a tmospher i c  burd e n  of  the pol l u ta n t  u nd e r  con s i d ­
e ra t ion i n  tha t a re a . Th e 1 9 7 0  ame ndme n t s  a l s o  requ ired that St ate 
Imp l eme n ta t ion Pl an s ( S I Ps )  be d e veloped to e n s ur e  comp l i an c e  w i t h  
the NAAQS a nd s ub seque n t l y  the PS D r equ i reme n t s . Vi s ib i l i ty pro­
te c t ion in large n a t i o n a l  park s , i n terna t io n a l  pa rk s , and w i ld e r­
n e s s  areas wa s prov i d ed by the 1 9 7 7  ame ndme n t s . 

I n  1 9 7 1 , the Env i ronme n t al Prot e c t i o n  Age ncy ( E PA ) e s tab l i shed 
NAAQS for s i x c r i te r i a  po l l utant s : s u l f ur d io x id e  ( S 02 ) ,  tot a l  
s u s pe nded part i c u l a tes ( TSP ) , c a rb o n  mo nox i d e  ( CO ) , n i trog e n  ox i d e s  
( NOx ) ,  ox i da n t s , a nd non-me thane hyd rocarb o n s  a s  a n  ox i da n t  con­
trol me thod . Ex cep t fo r two ch a ng e s , t h e  i n i t i al s t and a rd s  have 
rema i ned un altered : de l e t ion of the 2 4-h our a nd a n nual average 
se cond a ry s tanda rd s fo r S02 ; a nd red e s ig n a t io n  o f  the ox i d a n t  
s t andard to o z on e  [ a l so mad e l e s s  s tr i nge n t  ( 0 . 0 8  t o  0 . 1 2  pa r t s  per 
mi l l i o n ) ] .  In  1 9 7 8 , a l e ad s t and a rd was ad op ted b y  EPA . 

The 1 9 7 7  ame ndme n t s  to the C l e a n  Ai r Act r eq u i red EPA to re­
e xamine the NAAQS by De c emb e r  3 1 ,  1 9 8 0 ,  a nd to r e - e x am i n e  e a ch 
NAAQS eve ry f ive ye a rs the re a f te r . Th i s  o ng o i ng rev i ew o f  the 
NAAQS is a n  impo rt a n t  a c t i v i ty re l a t ive to the n a t i o n ' s  a i r  pol l u­
t ion control prog r am ;  a ny c h a ng e  in a s ta nd a rd cou l d  po t e n t i a l l y  
a f fect othe r C le a n  A i r  Act r eq u i r emen t s  s i nc e  al l s t a t i on a ry sourc e 
req u i r eme nts h ave b e e n  d e s igned to prov i d e  fo r compl i an c e  w i th the 
standard s . I n  th i s  way , the NAAQS are p ivotal  to the s pe c i f i c  
contro l s trateg i e s  d e f i ned i n  the C l e a n  A i r  Act . 

EPA h a s  respons ib i l i ty fo r deve l op i ng a nd prom u l g a t i ng t h e  
NAAQS , a n d  pr imary ( h e a l th-re lated ) s ta ndards a re t o  b e  b a s ed o n  
cur rent sc i e nt i f i c knowledge conce rn i ng a l l  ide nt i f i ab le he al th 
e f f e c t s  a s so c i a ted w i th a po l l u tant ( wh ich a re s umma r i ze d  i n  a 
" c r i te r i a  documen t " ) . P r ima ry s tandards a re e s t � l i shed a t  a level  
i nt e nded to protect eve n the mos t  se ns i t ive memb e rs of  the pop u l a­
t ion a nd to prov id e , i n  ad d i t ion , a n  " ad eq ua t e  ma rg i n  o f  s a fe ty "  
b e l ow that  leve l . F u r t he r ,  a l l  b u t  the a n nu a l  s ta nd a rd s c a n  b e  
exceed ed o n l y  o n c e  pe r yea r . There fore , t h e  s tandards  i nc o rporate 
s eve ral f actors o f  cons e rva t i sm .  F i nal l y , t h e  C l e a n  A i r  Ac t spe ­
ci f ical l y  omi t t ed cos ts from the f a c to rs EPA mu s t  c o ns i d e r  i n  
e s tab l i s h i ng the h e a l t h- r e l a ted s ta nd a rd s . At pre s e nt , t h e re i s  
cons i de rab le debate i n  the s c i e n t i f i c a nd r eg u l a tory c ommun i t i e s  a s  
t o  the fo rm o f  the c u r re nt s ta nd a rd- s e t t i ng proc e s s  and t h e  b a s i s  
for the s pe c i f ic nume r i c a l  s tandard s , i nc l ud i ng th e ma rg i n  o f  s a fe­
ty c oncep t . Th e s e  i s s ue s  a re pr e s e n tl y und e r s c ru t i ny by d i v e r s e  
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groups i n  the p ub l ic a n d  pr i va t e  s e c tors . S e t t i ng NAAQS i s  one o f  
the key i s s ues  o f  the 1 9 8 0 1 s  d i scu ssed i n  C h ap t e r  E ig h t .  

As pa rt of  i t s  rev i ew , EPA h a s  rev i ewed t h e  o x i d a n t  s ta nd a rd , 
a lt e r ed the l ev e l , a nd cha nged the s ta ndards  to i nc o rpo r a t e  spe­
c i f ica l ly o n l y  o zone a s  the s ur rog a te , as me n t ioned ab ove ; r ev i ewed 
the CO s ta nd a rd ; a nd i nd i cated that it p l a n s  to e l i m i n a t e  the 
hyd roca rb o n  s t a nd a rd . I n  ad d i t ion , EPA i s  c u r r e n t l y  r ev i s i ng t h e  
c r i t e r i a  docume n t s  for T S P  a nd S02 . Changes to t h e s e  s ta n d a r d s  
may r e s u l t  from t h e  ong o i ng rev i ews of  heal t h  e f fe c t s  r e s e a r ch . 
The f i rs t  d r a f t  of the r e v i s ed c r i te r i a  docume n t wa s r e v i ewed b y  
the C l e a n  A i r S c i e nt i f i c Ad vi sory Commi ttee  ( CASAC ) o f  E PA 1 S  S c i ­
e n c e  Ad v i sory Boa rd , a t  a p ub l i c me e t i ng i n  Aug u s t  1 9 8 0 .  C on c e r n  
wa s expr es sed r eg a rd i ng d e f i c i e n c i e s  i n  t h e  sc i e n t i f i c b a s e s  for 
t h e  T S P  s ta nd a rd a t  t h a t  t ime . The T S P  s ta nd a rd in  i ts c ur r e n t 
fo rm i s  c ons ide r ed b y  some CAS AC memb e rs to b e  i nad e q u a t e  fo r the 
prote ct ion o f  p ub l i c  h e a lth a n d  we l f ar e , b e c au s e  t h e  h e a l th e f fe c t s  
of  pa r t i c le s  a re s u spe c t ed t o  b e  d i r e c t l y  r e l a t ed to the i r  s i z e  a nd 
chem i c a l  c ompos i t ions . Ne i th e r  of  these prope r t i e s  i s  r e f le ct ed i n  
the c u r r e n t  s t and a rd s , wh ich a re b a s ed s o le l y  o n  ma s s  c o n c e n t r a­
t io n . The r e fore , E PA i s  cons ide r i ng s e pa r a t e  s ta nd a r d s  r e l a t i ng to 
s u l f a te part i c u l a tes a nd i nh a l ab le part i c u l a t e  ma t e r i al . EPA h a s  
a n  e x t e n s i ve h e a l th e f f e c t s  r e s e a r ch program i n  prog r e s s  r e l a ted to 
f i n e  pa r t i c u l a tes , b u t  ma j o r  ep idemio log i c al c om po n e n t s of the 
program w i l l  r eq u i r e  s ever a l  years for c omp l e t ion . 

The 1 9 7 0  ame ndme n t s  to the C lean A i r  Act  s pe c i f i ed t h a t  al l 
s ta te s  we re to a t t a i n  the pr ima ry NAAQS b y  May 3 1 ,  1 9 7 5  ( i n l im i ted 
c a se s , an e x te ns ion to J u l y  1 9 7 7  wa s pos s ib l e ) ;  s e c o n d a ry s ta nd a r d s  
we re t o  b e  a t ta i ned w i th i n  a " re asonab le pe r i od o f  t ime , "  ge n e r al ly 
w i th i n  t hr e e  ye a rs o f  pr ima ry NAAQS a t ta i nme n t . ( Th e  1 9 7 7  ame n d ­
me n t s  to t h e  C l e a n  A i r  A c t  s ub s eq ue n tly r eq u i red a t t a i nm e n t  of  the 
pr ima ry s ta nda rd s  by 19 8 2 ,  w i t h  poss ib le e x t e ns i o n  t o  1 9 8 7  for 
ozone a nd CO ) .  Howeve r ,  d ue to prob lems in ach i ev i ng the NAAQS i n  
man y  a r e a s  o f  th e c o un t ry , E PA d e ve l oped a n  Emi s s ions O f f s e t  Po l i cy 
in  Decemb e r  1 9 7 6 , wh i ch wa s s ub seque nt l y  i ncorpo r a ted i n  Part D 
( Nonat t a i nme n t ) o f  th e C le a n  A i r  Act a s  ame nded i n  1 9 7 7 . Th i s  
po l i c y  s tates t h a t  ma j o r n ew a nd expa nded s o u r c e s  m u s t  of f se t  a ny 
pro j e cted emi s s i o ns i n c rea s es wi th even g re a t e r  c o r r e s po nd i ng 
red u c t ions i n  em i s s ions i n  the a rea of  pr opos ed s o u r c e  l o c a t ion . 

As the Un i ted S t a t e s  s e eks to deve l op d ome s t i c  o i l  a nd g a s  s up­
p l i e s  i n  the n e x t  de c ad e , var i ou s  fac i l i t i e s  s ub j e c t  to a i r  q ua l i ty 
r eg u l a t ions wi l l  b e  deve l oped . These deve l opme n t s  i nc lude mod i f i­
cat i ons to e x i s t i ng f a c i l i t i e s a nd cons t r u c t i o n  o f  n e w  c a pa c i ty i n  
" gr a s sroot s '' o r  g r e e n f i e l d  a reas ( ge n e ral l y  l a ck i ng s uppo r t i ng 
i n fras t r u c t ure ) a nd a t  mor e  d e ve l oped s i te s . Th e s pe c i f i c  proce­
d ur e s  o r  pre-cons truc t i on rev i ews of  ma j o r  o i l a nd gas f ac i l i t i e s  
a r e  d e pe nde n t  u pon t h e  a t ta i nmen t  s ta tu s  o f  t h e  NAAQS for e a c h  
po l l u t a n t  to b e  em i t ted i n  s ig n i f ica n t  q ua n t i ty b y  the f ac i l i ty .  
Whe re the NAAQS are  n o t  b e i ng a t t a i n ed , the f a c i l i ty owne r/ope ra tor 
mu s t  compl y w i th the pr e- c ons truc t ion rev i ew proced u r e s  g ove r n i ng 
nona t t a i nme n t ; whe r e  the NAAQS are  b e i ng a t t a i ned , the f a c i l i ty 
own e r/ope r a to r  m u s t  compl y  wi th the pr e- c o ns truc t i on rev i ew proce­
d ur e s  gove rn i ng PSD a re a s . Oc cas ion al l y , a s i ng l e f a c i l i ty w i l l  b e  
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s ub j ect to both s e t s  o f  pre-c ons truc t io n  rev i ew pro ced u r e s  ( e . g . , 
whe re an area i s  de s i gna t ed a s  nona t t a i nme n t  for one o r  more 
po l l utants  and a t ta i nme n t  for oth e r  po l l u t a n t s ) .  

The to t al pe rm i t  prepa ra t io n  a nd proce s s i ng t ime fo r ma j o r n ew 
and mod i f i ed f a c i l i t i es i s  freque n t l y  2 2  to 4 8  mon th s . O f  t h a t  
t ime , E PA ave rag e s  o n l y  8 1 / 2  mon th s  fo r i ts r ev i ew a nd approval  o f  
the pe rmi t ,  i n c l u d i ng p ub l i c  hea r i ng s , d ue i n  pa r t  t o  E PA ' s imp l e ­
me n t a t io n  of  a h ig h- pr i ori ty sys tem f o r  e n e rg y- re l a ted proj e ct s . 
Such det a i led pre-cons truct ion r e v i ew o f t e n  r e s u l t s  i n  d e l ay a nd 
uncert a i nty , wh ich c a n  i ncrease the r i sk s  o f  c a p i tal i nve s tme n t  a nd 
of the u l t i mate v i ab i l i ty o f  pro j e ct s . Rec e n t  s t ud i e s  h ave i n d i ­
c a ted t h a t  the pre- cons tru c t ion rev i ew proc e s s  cou l d  b e  s impl i f i ed ,  
the r eb y  a l l owi ng s i g n i f i ca n t  c os t  and t i me s av i n g s  i n  improv i ng the 
e f f ic i e ncy a nd c e r t a i n ty of i nd u s tr i al p l a n n i ng a nd deve l opme nt . l 
I n  the c a se of the o i l  a nd gas i nd u s tr i e s , improveme n t  o f  the pre­
c ons truct ion rev i ew proc e s s  is c r i t i c a l  a s  e f fo r t s  to d e ve l op and 
produce e n e rgy i n te ns i fy i n  th i s  de c ad e . 

1 .  Preve n t ion o f  S i g n i f i c a n t  D e t e r i o r a t ion 

The n a t ional go a l  to  pre se rve a i r  q ua l i ty in  l e s s  po l l u t ed 
reg ions ( i . e . , preve n t  s ig n i f icant d e t e r i o r a t i o n  o f  a i r  q ua l i ty )  
was exp l i c i tl y  c od i f i ed i n to Pa r t  C of th e C le a n  A i r  Act i n  Aug u s t  
1 9 7 7 . The s t a ted p urpos e s  o f  the P S D  po l i cy a re t o  pre s e rv e  the 
spe c i a l  a i r  q ua l i ty ch aracte r i s t i cs of n a t io n a l  parks a nd o the r 
ide n t i f i ed areas , a nd to al low mode ra te g r owth o f  we l l-control led 
fa c i l i t i es a t  s u i t ab le locat ions in  othe r c l e a n  a i r  a re a s . To mee t  
th i s  goa l , the  P S D  ru l e s  e s tab l i s h emi s s io n  control  a nd s i t i ng 
req u i reme n t s  on al l n e w  a nd expa nd ed ma j or emi t t i ng fac i l i t i es i n  
c le a n  a i r  a re a s . Th e s e  ru l e s  c a n  l im i t  the s i z e  o f  i nd i v i d ua l  
plants a s  w e l l  a s  the tot al numb e r  of  s i t e s  pote n t i al ly s u i t ab l e  
for i nd u s tr i al deve l opme n t . Three c l a s s e s  o f  c l e a n  a i r  a r e a s  have 
been  e s t ab l i shed a nd max imum i nc r e a s e s  o f  S 0 2 and T S P  concen tra­
t ions h ave been spe c i f i ed f o r  e ach a re a . Th e s e  i nc reme n t a l  va l ue s  
( expres s ed i n  m i crog r ams pe r c ub ic me te r ) a r e  smal l per c e n t ag e s  o f  
the rela ted NAAQS f o r  e ach po l lu t ant . Control  o f  a i r  po l l u t i o n  
through t h e  PSD po l i cy , there fore , b y  d e f i n i t ion g o e s  we l l  b eyond 
the control leve l s  needed to protect pub l i c  h e a l th . 

PSD i n  the pa s t  has  c rea ted s ub s tant i al t e ch n ic a l  a nd admi n i s­
tra t i ve unce rta i n t i es a nd d e l ays i n  ma j or p l a n t  cons t ru c t ion i n  the 
cou n t ry . A s e r io u s  c a s e  is i t s po t e n t i al impa c t  on ene rg y  r e sou r c e  
deve lopme nt i n  t h e  We s t ,  i f  t h e  a l l owab l e  i n c r eme n t s  a re f u l ly 
u t i l i z ed . 

Th e PSD prov i s ions o f  the 1 9 7 7  ame nd me n t s  i n t roduced : 

• Formal d e s ig n a t ion of a t ta i nme n t  ( PS D )  a re a s . 

e Mo r e  s tr i ng e n t  PS D i ncreme n t s  for S02 a nd TSP ( th a n  EPA ' s 
1 9 7 4  reg u lat ions ) i n  C l a s s  I I  a nd I I I  a re a s . 

• Ma ndato ry d e s i gn a t ion of  C l a s s  I a re a s  for the fo l l ow i ng 
a reas i n  e x i s tence a s  of  Aug u s t  7 ,  1 9 7 7 : i n t e r na t i o nal 
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park s , n a t ion a l  w i l de rn e s s  a re a s , a nd memo r i a l  pa rk s l a r g e r  
t h a n  5 , 0 0 0  a c re s ; a nd n a t ional p a rk s  l a rg e r  t h a n  6 , 0 0 0  
acres . The r e  a r e  1 5 8  C l a s s  I areas  n a t ionwid e . 

• E x pa ns ion of  the  numb e r  o f  source c a tegor i e s  s ub j e c t  t o  P S D  
pre- c ons t ru c t ion r ev i ew from 1 9  to 2 8 . Pe t r o l e u m  r e f i ne r i e s  
a n d  f ue l  c o nve rs ion p l a n t s  a re two o f  t h e  2 8  s pe c i f i e d  
so u r c e  c a t eg o r i e s . 

• A " two- t i e r "  sys  tern , wh ich was es  t ab l i  s hed f o r  P S D  pr e­
c o n s t r u c t ion r e v i e w . Ma j o r  new a nd mod i f i ed s ta t i o n a ry 
sour c e s  wi th i n  the  2 8 s pe c i f i ed c a t eg o r i e s  a r e  s ub j e c t  to 
P S D  r e v i e w  i f  they h a ve the pot e n t i a l  to emi t  1 0 0  ton s  o r  
mo r e  p e r  y e a r  o f  a ny po l lu t a n t  reg ula ted und e r  t h e  C l e a n  A i r  
Act . The emi ss ion threshho l d  for s ta t i o n a ry sources o th e r  
t h a n  the 2 8  s pe c i f i ed i s  2 5 0  tons pe r y e a r .  

• I n c re ased appl i c a t io n  of  B e s t  Ava i l ab l e  Control  T e ch no log y 
( BACT ) to al l pol l ut a n t s  reg u la t e d  unde r  th e Ac t .  I n  
ad d i t io n , BACT i s  to b e  de term i ned o n  a ca se-b y- c a s e  
b a s i s  a nd mus t b e  a t  leas t a s  s t r i nge n t  a s  t h e  app l i c ab l e 
New S o u r c e  P e r f o rmance S t and a rd s  ( N S PS ) . 

• Mo re soph i s t ic a ted mode l i ng a nd mo n i to r i ng r eq u i reme n t s  to 
d e mons trate  c omp l i an c e  w i t h  the i ncreme n t s  ( and amb i e n t  
s ta nd a rd s ) • 

• S pe c i f ic a i r  q ua l i ty a nd me teorolog i c a l  mo n i to r i ng r eq u i re­
me n t s  we re ad ded to the PSD revi ew proc e s s . 

• Req u i reme n t s for ad d i t i onal  a n al ys i s  of  impa c t s  a s so c i a t ed 
wi th a proposed new sou rce or mod i f i c a t i o n  o f  a i r  q ua l i ty 
r e la t ed va l ue s  we r e  ad ded . 

• Ad d i t io n a l  PSD prov i s ions , wh i ch were to b e  d e v e l op ed b y  
Aug u s t  7 ,  1 9 7 9 , fo r the oth e r  c r i t e r i a  po l lu t a n t s . P S D  
r u l e s  f o r  l e ad we r e  t o  b e  promul g a t ed b y  Oc tob e r  5 ,  1 9 8 0 . 

On J un e  1 9 , 1 9 7 8 , E P A  promu l ga ted r eg u l a t ions , i s s ue d  i n  two 
pa r t s , to imp l eme n t  the  PSD program e s t ab l i sh ed by t h e  1 9 7 7  
ame ndme n t s . The  1 9 7 8  P S D  r eg ul a t ions we re ch al l e ng e d  b y  b ot h  
i nd u s try a nd e nv i ro nme n t a l  groups i n  A l ab ama P owe r v s . C os tl e , 
h e a rd b y  the  u . s .  Cou r t  of  Appe a l s  fo r the D i s tr ic t  o f  C o l umb i a  
C i r c u i t . On J une 1 8 , 1 9 7 9 ,  the federal  court  r e l e a s ed a pre l i m i ­
n a ry d e c i s io n  a n d  e n t e rt a i ned pe t i t ions fo r recons id e ra t i o n  of  some 
i s s u e s . Me a n wh i l e , to e x pe d i te the r eg u l a to ry proc e s s  gove r n i ng 
pre-cons truct ion rev i ew , EPA respo nded to the cou r t ' s  i n i t i a l  
d e c i s ions w i t h  propos ed m a j o r  ame ndme n t s  to t h e  P S D  r e g u l a t i o n s  on 
S e p t emb e r  5 ,  1 9 7 9 . On De cemb e r  1 4 ,  19 7 9 ,  t h e  cou r t  i s s ue d  i t s 
f i nal op i n io n , b ut s t ayed the e f fe c t  o f  the d e c i s ion pend i ng E PA ' s  
prog r am f o r  f i nal impl eme n ta t ion of  i t s  ma nd a te . A s  a r e s u l t  of  
the court ' s  opi n io n , the f i n a l  PSD r e� u l a t ions we re u l t ima t e l y  
promu l ga ted b y  E PA o n  Aug u s t  7 ,  1 9 8 0 .  
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2 .  Nona t ta i nme n t  

Pa rt D o f  t h e  C l e an A i r  Ac t ,  a s  ame nded i n  1 9 7 7 , e s tab l i s h e s  
spe c i f i c prov i s i o ns t o  pe rmi t l im i t ed i nd u s t r i a l  growth i n  areas  o f  
t h e  coun t ry d e s ig n a ted a s  nona t ta i nme nt , i n  o rd e r  t o  fos t e r  s imul­
taneous improvement in  a i r  q ua l i ty .  A non a t t a i nmen t  a re a  i s  a 
b ounded reg i o n  i n  wh ich a i r  q ua l i ty l eve l s  d o  not compl y wi th the 
NAAQS for one or mo re po l l utants b a s ed on val id mon i tor i ng data  
a nd/or air  q ua l i ty mode l i ng re s ul t s . On Ma rch 3 ,  19 7 8 , EPA p ub ­
l i s h ed i t s  f i rs t  l i s t  de l i ne a t i ng the a t ta i nme n t  s ta tu s  o f  a re a s  
throughout t h e  coun try . Th i s  l i s t i s  upd a ted ( u s ua l l y a t  t h e  
s ta te ' s  i n i t i a t i ve ) , a s  the a i r  qu a l i ty i n  e a ch a re a  improve s ,  
d eg rade s , o r  the d e s i g n a t ion i s  chang e d  b y  n ew d a t a . 

Und e r the C l e a n  A i r  Ac t ,  s ta tes we r e  req u i red to r ev i s e the i r  
S I P s  b y  Ja nuary l ,  1 9 7 9  ( wi t h  EPA r e v i e w  to b e  c omp l e t ed b y  J u ly 1 ,  
1 9 7 9 ) , to i nc lude de t a i led s tr a teg i e s fo r b r i ng i ng nona t ta i nme n t  
are a s  i n to c omp l i an c e  b y  De cemb e r  3 1 ,  1 9 8 2  ( the a t ta i nme n t  d a t e  wa s 
e x t e nded to 1 9 8 7  i n  l imi ted c a s e s ) .  The Act f ur t h e r  au tho r i z e s  EPA 
to impose no- growth s a n c t ions in areas of  s t a t e s  or t e rr i to r i e s  for 
wh ich the re is no approved S I P . As of  May 1 9 8 1 , a to tal o f  3 1  
s t a t es a nd one te rr i tory h ad no approved S I P  fo r a t  l e a s t  one 
po l l utant . To  da te , EPA has  imposed mo r a to r i ums o n  cons truc t i on of  
ma j o r  new o r  mod i f i ed f a c i l i t i e s i n  po rt ions o f  ove r 3 0  s t ates  a nd 
s everal ma j o r  source pe rm i t s  have b e e n  de l ayed . 

Ma j o r  new a nd mod i f i ed sources proposed f o r  l o c a t ion i n  non­
atta i nme n t  a re a s  o r  h a vi ng an impa c t  on n e a rb y  non a t t a i nme n t  a re a s  
are sub j e c t  t o  t h e  req u i reme n t s l i s t ed b e l ow : 

• Lowe s t  Ach i ev ab l e  Em i s s ion Rate 

• S I P  c ompl i ance o r  an approved p l a n  f o r  c ompl i an c e  of  al l 
sourc e s  own ed b y  the appl icant w i th i n  the s t a t e  

• Of f se t s  g re a t e r  t h a n  one to one 

• P os i t i ve ne t a i r  q u a l i ty ben e f i t . 

Th e compl e x i ty o f  t h e s e  req u i reme n t s  ad d s  to the t ime , c os t ,  
and unc e rt a i n ty o f  obta i n i ng the n e c e s s a ry pe rm i t s . The ava i l a­
b i l i ty of s a t i s factory o f f se t s  m ig h t  b e come c r i t ic a l i n  f a c i l i t i e s  
a nd a r e a s  t h a t  are  a l re ady h e av i l y  con tro l l ed i n  a t t emp t s  t o  mee t 
NAAQS . Col le ct ive l y ,  t h e s e  may c a u s e  v i ab le e n e rg y  proj e c t s  to b e  
can c e l led wh i le s t i l l  i n  the plan n i ng s t ag e . 

3 .  F uture  Ame ndmen t s  to the C l e a n  A i r  Ac t 

Mod i f i c a t ion o f  the PSD a nd nona t ta i nmen t  prov i s i o n s  o f  the 
C l e a n  A i r  Ac t may r e s u l t  from Cong r e s s ional r ev i ew p ur s ua n t  to 
reautho r i za t ion of the Ac t .  Ma ny i nd u s t ry group s , e nv i ro nme n t a l  
org a n i z a t ions , a nd l ocal , s ta te , a nd fede ral gove r nme n t  e n t i t i e s  
have prepa red propos a l s  f o r  Congres s io n a l  cons i d e r a t ion . Wh i l e  
there i s  g r e a t  d i vers i ty i n  these propos a l s , t h e re i s  w i d e  s uppo r t  
for s imp l i fyi ng t h e  pe rmi t  r e v i ew proc e s s . 
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The NPC b e l i e ves th a t  mod i f i c at ions to the C l e a n  A i r  Act  c o u l d  

a l le v i a te some of  t h e  prob lems i nh e re n t  i n  the ex i s t i ng P S D  a nd 

nona tta i nme n t  pe rmi t  r e v i e w  r eq u i reme n t s  a nd c o u l d  i mprove the 

c e rt a i nty a nd e f f ic i e ncy o f  the plann i ng a nd deve l opme n t  pr oce s se s  

for n e w  a nd e x panded sourc e s  i n  the pe tro l e u m  i nd u s t ry .  The 
fo l low i ng i ss ue s  s hou l d  be c ons i d e r ed in a ny f ut u r e  ame ndme n t s  to 

the C le a n  Ai r Act : 

• Se t t i ng of  NAAQS b a s ed on va l id s c i e n t i f i c s t ud i e s  s ub j e ct 
to pe e r  rev i ew 

• PSD i nc reme n t s , i nc l ud i ng d i spos i t io n  of  C l a s s  I I  a nd I I I  
i nc reme n t s  

• Emi s s ions o f f se t  r eq u i rements i n  nona t t a i nme n t  a re a s  

• Pre- co ns t ru c t ion pe rmi t proc ess  

• S cope o f  v i s ib i l i ty prote ct ion r eq u i r eme n t s  

• Use o f  c os t- e f fe c t i ve n e s s  a nd/or cos t-b en e f i t  a n a l y s e s  a s  
the b a s i s  fo r s pe c i f ic leg i s l a t ive prov i s ions a nd imple­
me n t i ng r eg u lat ions  

• Fede r a l  sanct ions 1 n  nona t t a i nme n t  area s . 

C .  C l e a n  Wa �� c Ac t 

The 1 9 7 2  ame ndme n t  to the Federal  Wa te r Pol l u t ion Control Ac t 
e x pa nded a n  ex i s t i ng f e d e ral role i n  wa t e r  po l l u t i o n  c o n t ro l . I t  
expa nded wate r q ua l i ty s tandard programs i n i t i a ted i n  1 9 6 5 and 
e x t e nded the n a t ional prog r am to al l nav i g ab le wa t ers in  the Un i ted 
States . I t  c r e a t ed a s ys t em of un i fo rm nat ion a l  t e c h n o l ogy-ba s e d  
e f fl ue n t  l i m i tat ions , o r  mo re s tr i nge n t  l im i t a t ions i f  r eq u i r ed , t o  
me e t  wa t e r  q ua l i ty s ta nd a rd s . I t  i ns t i tuted a nat i o n a l  pe rmi t 
sys t em for al l po i n t  sou r c e  d i sc h a rg e s ,  a nd s pe c i f i c  d e ad l i ne s  we r e  
e s t ab l i s h ed for a ch i ev i ng t h o s e  e f f l ue n t  l im i ta t io n s  b a s ed o n  
des i g n a ted c o n t r o l  technolog i e s .  Two ge neral goal s we r e  pro­
c la imed : to a ch i eve , whe r eve r poss ib l e , b y  J u l y  l ,  1 9 8 3 , wa te r 
that i s  c le a n  e nough for swi mm i ng a nd othe r r e c r e a t ional u se s , a nd 
c le a n  e nough for the prote ct ion a nd propag a t ion o f  f i s h , s he l l f i s h ,  
and w i l d l i f e ; a nd b y  1 9 8 5 ,  t o  h ave no d i sch a rg e  o f  po l lu t an t s  i n to 
the na t i on ' s  wa te rs . 

The C le a n  Wa te r Ac t Ame ndme n t s  o f  1 9 7 7  mad e ma j o r  m id - c o urse 
correct ions to the 1 9 7 2  l aw a nd i n corpo r a t ed ma ny of  the pr ov i s io ns 
of a prev i ou s  court se t tl emen t  on to x i cs con tro l , ad d i ng n ew em­
phas i s  to the control of the d i s c h a rg e  of  to x i c  po l lu t a n t s . I t  
d i v i de d  pol l utants  i n to t hree c l a s s e s  - - conve n t ional , non conven­
t ional , a nd tox i c  - - a nd d i f fe re n t  d i s c h a rg e  r eq u i reme n t s  we r e  
e s t ab l i s h e d  f o r  e a ch c las s . Ad d i t ional pre trea tme n t  r eq u i reme n t s  
we re e s tab l i s hed f o r  d i sch a rg e s  to mun i c i p a l  s ewag e t r e a tme n t  
sys tems a nd EPA was au t hor i zed t o  con tro l  the runo f f  o f  tox i c  and 
h a z a rdous  ma t e r i a l s  from i nd u s tr i al s i tes through B e s t  Ma nageme n t  
Pract i c e s . 
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The 1 9 7 8  ame ndme n t s  to the C lean Wa ter Act  s pe c i f i c a l l y  revi sed 
prov i s io ns d e al i ng w i th S e c t ion 3 1 1  d i sch a rg e s  o f  o i l  a nd h a z a rdou s 
s ub s t anc es . Th e se i s s ues i nc l uded the de te rmi n a t ion o f  h a rm f u l  
q ua n t i t i e s , pe n al t i e s , a nd e x c l u s ion fo r h a z a rdou s s ub s tance d i s­
charges r e g u l a t ed unde r Nat ion a l  Pol l ut a n t  D i scha rge E l i m i n a t ion 
Sys tem ( NPDES ) pe rm i t s . 

The four pr i nc ipal s e c t ions of  the Ac t that have d i re c t  impac t  
o n  t h e  pe tro l e um i nd u s try are : Sect ion 4 0 2 ,  Nat i o n a l  Po l l u tant 
Di scharg e  E l imi nat ion Sys tem;  Sect ion 4 0 4 , p e rm i ts for d r ed g e  or 
f i l l  mate r i al ; S e c t ion 3 1 1 ,  o i l  and h a z a rdous  s ub s ta n ce s l i ab i l i ty ;  
and Sect ion 4 0 1 , gov e r n i ng s tate cert i f i c a t io n  o f  fede ral p e rm i t s  
for d i scharges o r i g i na t i ng i n  s t a t e  wa te rs . 

1 .  NPDES P e rm i t s  

The C le a n  Wa t e r  Act proh ib i ts the d i scharge o f  a ny pol l u tan t s , 
e x cept as au t ho r i z ed b y  a n  NPDES ( or othe r )  pe rm i t .  E a ch NPDE S 
pe rm i t  r eq u i r ed comp l i a n c e  w i t h  e f f l ue n t  l imi t a t ions  b y  J u l y  1 ,  
1 9 7 7 ,  r e f le c t i ng t h e  B e s t  Pract icab le Control Te ch no l og y  C ur re n tl y 
Ava i l ab le .  By J u l y  1 ,  1 9 8 4 , NPDE S  pe rmi t e f f l ue n t  l im i t a t ions 
f ur t h e r  req u i re appl i c a t ion of the Best Ava i l ab le T e c h n o l og y  
Econom ical l y  Ach i e vab l e ( BAT ) fo r to x i c a nd nonconve n t i on a l  po l l u­
tants and the Be s t  Co nve n t ional Po l l u t a n t  Control  T e c h n o l og y  fo r 
c onve nt ion a l  po l l utan t s . Th e C lean Wa t e r  A c t  prov i d e s  for wa i ve rs 
f rom BAT fo r nonconv e n t ional po l l utants  in some c a s e s . New sou r c e s  
a r e  req u i red t o  c omply w i th NSPS , wh i ch r e f le c t  th e g r e a t e s t  d e g ree 
of  e f f l u e n t  r ed uc t ion ach i evab le through app l i ca t io n  o f  B e s t  Ava i l ­
ab le Demo ns tra t ed Con trol Te chno l og y ,  proce s se s , ope ra t i ng me t hod s ,  
a nd othe r al t e r na t iv e s  i nc lud i ng , wh e r e  pr a c t i c ab le ,  a s ta nd a rd 
pe rm i t t i ng no d i scha rge o f  po l l utant s .  

2 .  u . s .  Army Corps o f  Eng i n e e r s  P e rmi t s  

Sect ion 4 0 4  pe rm i t s a re i s sued b y  the u . s .  Army C o rp s  o f  
Eng i ne e rs f o r  t h e  d i scha rge o f  d r ed ge o r  f i l l  ma te r i a l  i n to t h e  
nav igab l e  w a t e rs . G u id e l i nes f o r  pe rm i t  i s s ua nce a re d e ve l oped b y  
EPA based upon c r i te r i a  c ompa r ab le to t h e  c r i te r i a  appl i c ab l e to 
the terri to r i al s e as a nd oceans . EPA , a s ta te , or an ad j a c e n t  
s ta te may ad d s t i p u l a t i o ns t o  t h e  S e c t ion 4 0 4  pe rmi t  or proh ib i t  
i t s  i s s ua n ce . EPA may w i thd raw the pe rm i t  fo r a d i s po s a l  s i te for 
d redge or f i l l  ma te r i a l whe neve r  it de t e rmi n e s , a f t e r  a p ub l i c 
h e ar i ng , t h a t  the d i s c h a rg e s  w i l l h ave a n  u n ac cep tab l e  ad ve rse 
e f fect on the rec e i v i ng wa te rs . To unde rs tand the re a l  s ig n i f i ­
cance of expa nded rev i ew a u tho r i ty o f  the Corp s  o f  E ng i n e e rs fo r 
s uch pe rm i t s , one  mu s t  l ook a t  the re l a t ed l e g i s l a t i o n  t h a t  impa c t s  
on t h e  pe rmi t t i ng d e c i s ions of  the Corp s . 

• S e ct ion 4 0 1  o f  the C l e a n  Wa ter Act r eq u i res c e rt i f i c a t io n  
from t h e  s ta t e  i n  wh i ch t h e  d i scha rge or i g i na t e s  t h a t  the 
d i scharg e  w i l l c omp l y  w i th the appl i c ab le e f f l u e n t  l im i t a­
t ion a nd wa t e r  q u a l i ty s tandard s . 

• S e ct ion 3 0 7  of  t h e  Coa s t a l  Zone Manageme n t  Act  r eq u i res a n  
appl i c a n t  t o  f u r n i s h a cert i f ic a t io n  t h a t  the propo s ed 
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a ct i v i ty w i l l  c omply w i th the s ta t e ' s  Coa s t a l  Z o n e  Manage­
me n t  prog r am . No pe rm i t  w i l l b e  i s s ued u n t i l  t h e  s tate has 
co ncur red w i th t h e  appl i ca n t ' s  c e r t i f i ca t ion . 

• Se ct ion 3 0 2 o f  the Mar i n e  Prote c t ion , Re s e a r ch and S a n c tu­
a r i es Act au t ho r i z e s  the de s ig n a t io n  of ma r i ne s an c t u a r i e s . 
Act i v i t i e s  i n  the s a n c t u a r i e s  a u thor i z ed b y  th e C o rps o f  
Eng i nee rs a re va l i d  only i f  the S e cre t a ry o f  C omme r c e  
c e rt i f i e s t h a t  the a c t i v i t i e s  a re cons i s t e n t  w i th t h e  
p urpos e s  o f  t h e  Act a nd c a n  b e  ca r r i ed ou t w i th i n t h e  
reg u lat i ons f o r  the s pe c i f i c s an c tua r i e s . 

• NEPA may r eq u i re a n  E I S  when s eve r a l  Corps o f  E n g i n e e rs 
pe rm i t s a re i s s ue d  i n  one spe c i f ic a re a . An E I S  may a l s o  b e  
r eq u i r ed b y  a n  app l i cat ion fo r a pe rmi t  t h a t  r e s u l ts i n  a 
ma j o r  fed e ral ac t io n  i n  the op i n io n  of the C o rp s . 

• The F i s h  a nd W i l d l i f e  Ac t req u i re s  t h a t  b e fo re the Corp s  of  
E n g i nee rs i s s ue s  a ny pe rmi t  tha t  propos e s  to c o n t ro l  o r  
mod i fy a ny b ody o f  wa te r ,  the Corp s  m u s t  f i rs t  cons u l t  the 
u . s .  F i s h  a nd W i l d l i fe Se rvic e , the Na t io n a l  Mar i n e  F i s h e ry 
S e rv i c e , a s  appropr i at e , a nd the h e ad o f  the approp r i a t e  
s t a te agen c y  e xe r c i s i ng admi n i s tr a t i o n  o ve r th e w i l d l i f e 
resources o f  the a f f e c t ed s ta te . 

• The Na t ional H i s to r i c a l  P r e s e rva t ion Ac t au thor i z e s  t h a t  
i t s  ad v i sory c o un c i l  r e v i ew a ct i v i t i e s  l i ce ns ed b y  th e 
Corp s t h a t  w i l l  h ave a n  e f fect upo n  prope r t i e s  l i s ted i n  the 
Na t io n a l  Re g i s te r  o f  H i s tor i c a l  P l a c e s  o r  e l i g ib le for s uch 
l i s t i ng .  

• The P r e s e rv a t ion of  H i s to r i c a l  and Arch aeolog i c a l  Da ta Ac t 
prov i d e s  tha t the Corps o f  E ng i ne e r s  may d e l ay g r a n t i ng a 
pe rmi t  i f  the pe rm i t ted a c t iv i ty wou l d  a l t e r  a ny t e r ra i n  
s u ch t h a t  s i gn i f i ca n t  h i s tor i c a l  o r  a r chaeolog i c al d a t a  a r e  
thr e a te ned , u n t i l  t h e  S e c retary o f  t h e  I n te r i o r  t ak e s  ac t io n  
n e c e s s a ry t o  re c ove r a nd pre se rve t h e  d a t a . 

• The E n d a nge r ed S pe c i e s  Act prov i d e s  t h a t  th e Corps o f  
Eng i ne e rs m u s t  ut i l i z e  i ts a u t ho r i t i e s  b y  c a r ry i ng ou t 
programs for the co nse rvat ion of  e ndange r ed or t h r e a t e ned 
spe c i es a nd b y  tak i ng s uch ac t ion a s  is n e c e s s a ry to e ns ur e  
t h a t  a ny a c t ion a u t hor i z ed by t h e  Co rps w i l l  n o t  j e opa rd i z e 
the c on t i nued ex i s te nce of s uch s pe c i e s o r  r e s u l t  i n  the 
d e s t r u c t ion o r  ad ve rse mod i f icat ion o f  the h ab i t at o f  s u ch 
spe c i e s . 

• The M a r i n e  Mammal Protect i on Act of 1 9 7 2 impo s e s  a pe rpe tual  
mor a to r i um o n  h a ras sme n t  o f  mar in e  mamma l s  a nd has  the 
pot e n t i al f o r  p reve n t i ng the i s s ua nce of  a C o rp s  pe rm i t . 

• The W i l d  a nd Sc e n i c  Rivers Ac t prov i d e s  t h a t  the C o rp s  o f  
E ng i ne e rs s h a l l  n ot a s s i s t  b y  pe rm i t  o r  o th e rw i s e  i n  t h e  
cons tru c t i o n  of  a ny wa t e r  resou r c e s  proj e ct t h a t  wou l d  h ave 
a d i r e c t  a nd ad ve rse e f fe c t  on the v a l u e s  for wh i ch a r i ve r 
wa s d e s igna ted a w i l d  and s c e n ic r i ve r . 
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• I n  ad d i t io n  to al l of  these , wh e re a n  appl i c a t io n  a f fe c t s  
we t l a nd s , t h e  D i s tr i ct Eng i ne e r  o f  t h e  Co rps may unde rt a ke 
rev i ews o f  pa r t i c u l a r  we tl a nd a re a s  i n  cons u l t a t io n  wi th the 
appropr i a t e  reg ional d i re c to r  of the F i sh a nd W i l d l i fe 
S e rv ic e ,  the  Na t ional Ma r i n e  F i shery S e rv i c e , t h e  N a t ional 
Ocea n i c  a nd Atmosphe r i c Admi n i s t ra t ion , the Reg i o n a l  
Adm i n i s tr a to r  of  EPA , l oca l r epr e s e n t a t ive s o f  t h e  S o i l  
Conserva t ion S e rv i ce of  the Depar tme nt o f  Agr i c u l t ure , a nd 
the h e ad of  the approp r i ate s ta te ag e ncy to a s s e s s  the 
c umu l a t i ve e f fe c t  of a ct i v i t i e s  in s u ch a r ea s . 

3 .  O i l  a nd H a z ardous S ub stance S p i l l s  

The C le a n  Wa t e r  Act proh ib i ts the d i s ch a rg e  o f  o i l  o r  h a z a rd ou s  
s ub s tances , i n  qua n t i t i es th at may b e  h a rm f u l , i nto o r  u po n  the 
navigab l e wat e rs o f  the Un i ted S t ate s .  A n ew N a t i on a l  C o n t i ng e n cy 
P l a n  i s  req u i r ed f o r  the removal of  o i l  a nd h az a rd ou s  s ub s tances  
a nd i s  now e x pe ct ed to  b e  pub l i shed in  1 9 8 2 . Th i s  plan  w i l l  a s s i g n  
d u t i es a nd respons ib i l i t i es amo ng f e d e ral depa rtme n t s  a nd age n c i es 
i n  coord i n a t i o n  w i th s ta te a nd loc al agenc i e s . Reg u l a t i o n s  are 
spe c i f i ed to c ove r me thods o f  proced u r e s  fo r preve n t ion o f  spi l ls 
as wel l a s  o f  remov al of  a ny acc idental  d i s cha rge s . S p i l l age o f  
a ny d e s ig n a ted ma t e r i al that  may b e  h a rm f ul mu s t  b e  immed i a tely 
reported to  the Na t ion al Response C e n te r . 

4 .  S ta te C e r t i f i c a t ion 

The C l e an Wa t e r  Act also req u i res that NP DE S  pe rm i t s conta i n  
cond i t ions that e n s ur e  c omp l i ance w i th appl i c ab l e s ta t e  wa te r 
q ua l i ty s tand a rd s  o r  l i mi t a t ions . Und e r a noth e r s e c t ion of  the 
Ac t ,  EPA may not i s s ue a n  NPDE S  pe rmi t  unt i l  the  s ta t e  i n  wh i ch the 
d 1 sch a rg e  w i l l  o r ig i nate g r ants or wa ive s c e rt i f i c a t ion to e ns ur e  
comp l i an c e  wi th appropr i a t e  req u i r eme n t s  o f  t h e  C l e a n  Wa te r A c t  a nd 
s t ate law . Th e s e  s t ipu l a t ions freq ue n t l y  r e s u l t  i n  conf l i c t s  
b e twe e n  the fede r a l  agency a nd the s ta t e  agency wi th a r e s u ltan t 
d e l ay i n  the i s s ua n ce of  the f i nal NP DE S  pe rm i t  and the  approv a l  to 
cons truct a new f ac i l i ty or mod i fy a n  e x i s t i ng f ac i l i ty wi th the 
nece s s a ry po l lu t ion contro l . 

D .  S a fe D r i nk i ng Wa ter Act 

The S a fe D r i nk i ng Wa ter Ac t d i re c t s  the e s tab l i s hme n t  o f  two 
ma j o r  r eg u l a to ry programs . One program r e l a t e s  to p ub l i c  wa te r 
sys tems and r eq u i re s  that EPA e s tab l i s h n a t ional p r ima ry a nd 
secondary d r i nk i ng wa ter s tandards for p ub l i c  wa t e r  s y s t ems . Th i s  
s tatute d i re c t s  the pr ima ry e n fo rceme n t  respons ib i l i ty t o  the 
s t a tes to e ns ure that p ub l i c  wa ter s ys t ems c omp l y  w i th the n a t ional 
s tand a rd s . The othe r prog r am , wh ich has  the l a rg e r impa c t  on the 
oil  a nd gas  i nd u s tri e s , r e lates  to unde rground s o urc e s  of  d r i nk i ng 
wa t e r , a nd i t  req u i res tha t EPA pub l i s h reg u l a t ions for s ta te 
underground i n j e ct ion con tro l ( U I C ) programs . Th e U I C  programs 
reg u l a t e  the re- i nj e c t io n  of pr oduced wa t e rs from e xp l o ra t ion a nd 
prod uct ion ope r a t io n s , unde rground cavern s torage o f  pe tro l e um 
prod uct s ,  a nd unde rg rou nd i nj e c t ion of  h a z a rdou s wa s te s . T h e s e  
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reg u l a t ions mu s t  e s t ab l i s h  m i n imum r eq u i reme n t s  for e f fe ct i ve 
progr ams to p r ev e n t  und e rg round i nj e c t ion t h a t  e nd a ng e rs d r i nk i ng 
wa ter source s . Th e s e  r eg u lat i o ns are i n  ad d i t ion to the r eq u i re ­
me n t s  se t b y  s t a te reg u l a tory age nci e s . O i l  a nd ga s prod uc i ng 
s ta t e s  h a ve d e v e l oped a nd implemen ted ve ry e f fe ct i ve U I C  
reg u l a t i o ns . 

E .  Re source C o n s e rva t i on a nd Recove ry A c t  

T h e  Re so urce Cons e rv a t ion a nd Re cov e ry A c t  of  1 9 7 6  ( RCRA ) 
prov i d e s  a comprehe ns i ve program for the reg u la t i o n  of  was te s . I t  
g reatly e x pa nd s the role o f  the fede ral gove rnme n t  i n  the f i e l d  of  
was te d i s pos al , w i th pa r t i c u la r  emph a s i s  on the r e g u l a t i on of  
h a z a rdous  wa s te a nd resource recovery . The prog r am i s  to be 
a ch i eved t hrough i mp l eme n t a t ion o f  s e ve r a l  programs : the e s tab­
l i shme n t  of  a h a z a rd ou s  wa s te control prog r am ; a so l i d  wa s t e  
ma nageme n t  program i n  e a ch s tate , toge the r wi th a proh ib i t i on o n  
t h e  pr act i c e  of  ope n dump i ng ;  a nd t h e  e ncou r ag eme n t ,  t h rough 
fede r al a id , of  s ta t e  a nd r e g i on a l  wa s t e  man ag eme n t  p la n n i ng . 

The s ta t ute al lows s t a t e s  to appl y  to E PA for a u t hor i z a t i o n  to 
adm i n i s t e r  the h a z a rd ou s  wa s te prog r am .  EPA h a s  i s sued r eg u l a t ions 
a nd h a s  e s t ab l i s h ed m i n imum r eq u i reme n t s  for s t a t e  h a z a rd ou s  was t e  
prog r ams i n  ord e r to rece ive EPA approval . 

Of  pa rt i c u l a r  i nte res t to the pe troleum i nd u s try i s  the reg u l a­
t ion , from gene r a t ion to f i n a l  d i s pos al , of  h a za rd o u s  wa s te s . E PA 
has prom u l g a ted reg ul a t ions d e f i n i ng h a z a rdou s wa s te s , s e t t i ng 
req u i reme n ts for ge n e r a to rs a n d  transporte r s , a nd s e t t i ng i n te r im 
s ta tu s  s ta nd a rd s  for ex i s t i ng f ac i l i t i es t h a t  tre a t , s to r e , a nd 
d i spose o f  h a za rd ou s  wa s t e s .  F i n a l  s ta ndards  for h a z a rd ou s  was te 
ma n ageme n t  f a c i l i t i e s  are  s t il l b e i ng deve l ope d . T h e  pe troleum 
i nd u s try is  a f f e c t e d  pr i ma r i l y  b y  the  b ro ad c la s s i f i c a t i o n  o f  
h a z a rdous wa s te s  ide n t i f i ed b y  EPA , wh ich f a i l s  to d i s t i ng u i s h  b e­
twe e n  was te s  t h a t  pos e  a l e s s e r  degree of  h a z a rd a n d  s uc h  e x treme l y  
h a z a rd o u s  ma t e r i al s  a s  Kepo ne or d i ox i n .  Th i s  c la s s i f i c a t i o n  sys­
tem w i l l  res u l t  in s e c ure d i s pos a l  s i t e s  b e i ng u s e d  for was t e  w i th 
a l ow d e g r e e  of  h a z a rd , t h e reb y i ncreas i ng t h e  s ho r t fa l l  o f  needed 
capac i ty to d i s pose o f  t ru l y  h a za rdou s  was t e . 

An impo r t a n t  q ue s t ion , pr imar i ly b e c au s e  of  the pote n t i a l  
f i nanc i al impa c t  o n  the i nd u s try , i s  wh e th e r  EPA w i l l de t e rm i ne 
th a t  wa s te s  a s so c i a ted w i t h  the d r i l l i ng a n d  pro d uc i ng s e c to r  o f  
the pe troleum i nd u s try sho u l d  b e  cov e r ed b y  RCRA r eg ul a t i ons . A t  
t h e  pre s e n t  t ime ,  wa s t e s  a s so c i ated w i t h  pe tro l e um a nd n a t u r a l  g a s  
d r i l l i ng a nd produc t i o n  a re ex c l uded f r om t h e  d e f i n i t io n  of  h az a rd­
ous wa s te s . EPA does n ot a n t i c i pa te c omp l e t i ng the n e c es s a ry 
rese a rch work i n  th i s  a re a  a nd the pos s ib le r eg u l a t ions un t i l a t  
lea s t  1 9 8 5 . C omp l i an c e  w i th the r e g u l a t i o n s  propos ed i n  De c e mb e r  
1 9 7 8  c ou l d  h ave r e s u l ted i n  i nc re ased capi tal c os t s  to the o i l  a nd 
g a s  d r i l l i ng i nd u s t ry o f  $ 3 1  b i l l ion ( i n m id - 1 9 7 8 d o l l a rs ) a s  we l l  
a s  i ncreased a nnua l  d i re c t  ope ra t i ng a nd ma i nt e n a n c e  cos t s  o f  $ 3 . 3  
b i l l io n . 3 

I n  l i ght of  the c o n c e rn that i s  e xpre s s ed b y  the p ub l i c a nd the 
d i f f ic ul ty i n  s a t i s fy i ng the EPA c r i t e r i a  fo r h az a rd o u s  wa s te 
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d i spos al s i t e s , a gre a t  d e a l  o f  d i f f i c u l ty i s  e nv i s ioned i n  th e 
s i t i ng of  haz a rdous  wa s te d i sposal  f a c i l i t i e s  a nd the  s ub s eq ue n t  
ope ra t ion o f  t hose f a c i l i t i e s . The pote n t i al l a c k  o f  f ac i l i t i e s , 
e s pe c i al l y i n  prox i m i ty to tho s e  fac i l i t i es t h a t  g e n e r a t e  mos t of 
the h a z a rd ou s  wa s t e s , can l e ad only to ve ry h i g h  transpo r t a t i on a nd 
admi n i s tr a t io n  cos ts . 

One approach to the so l u t ion of the po t e n t i a l  lack o f  d i s po s a l  
fac i l i t i e s i s  l eg i s lat ion to e s t ab l i s h  a nd con trol s u ch f ac i l i t i es 
i n  a manne r s im i l a r to t h a t  of  pub l i c  t ru s t s . P r iva te o r  pub l i c ly 
owned h a z a rd ou s  was te d i s pos a l  corpo r a t ions wou l d  be e n c o ur a g ed by 
appropr i a te fede ral a nd s ta t e  leg i s l a t io n  to e s tab l i s h a nd ope ra t e  
d i spos a l  s i t e s  on prope r l y  des i gn a t ed l a nd s . Prope r  s ch e d u l e s  o f  
c h a rg e s  fo r d i spo s a l , tog e the r w i th a reg u l a t ed prof i t  ma rg i n  wou l d  
b e  au tho r i z ed . P rope r  c omp l ianc e wi th cons t r uc t io n , ope ra t i o n , 
ma i nt e na nce , r e cordke ep i ng , a nd c l os ure s ta nd a rd s  wou l d  b e  a s s ur ed 
under t e rms of  the s i te con tract a s  wel l a s  reg u l a tory prov i s ions  
i n  the e n ab l i ng leg i s l a t ion . A f te r  f i nal c l os ur e , t h e  l a nd wou l d  
revert t o  t h e  f e d e r a l  a nd/or s ta te gove r nme n t  for s t ab i l i z a t ion a nd 
conta i nme n t  of the wa s te i n  pe rpe tu i ty .  S uch a n  org a n i z a t io n  cou l d  
a s s ur e  the nat ion t h a t  h a z a rd ou s  wa s t e s  wo u l d  b e  h a nd l ed s a fe l y  and 
in  compl i ance w i th al l appl i c ab le control r eq u i r eme n t s . 

F .  The Compreh e n s ive E nv i ronme n ta l  Respons e , Compe n s a t ion 
a nd L i ab i l i ty A c t  

The Compreh e n s i ve Enviro nme n t a l  Re s po n s e , C ompe ns a t i on a nd 
L i ab i l i ty Act of  1 9 8 0 , o r  " S upe rf und , "  e s t ab l i s h e s  a f e d e r a l  f und 
to f i nance gove rnme n t  a c t ion to preve n t  t hr e a t e n ed re l e a s e s  o f  
h a z a rdous  sub s tances o r  to r emedy the e f fe c t s  o f  pa s t  r e l e a s e s  o f  
s u ch s ub s tanc e s . I t  pr ov ides for s tr i c t  l i ab i l i ty on the pa r t  o f  
own e rs a nd ope r a tors of  ves s e l s  a nd wa s t e  d i spo s a l  s i te s  fo r the  
r e lease o f  h a z a rd ou s  ma te r i a l s  i n to the  e nv i ro nme n t . Through 
impos i t io n  of  a n  ex c i s e tax on c rude o i l , pe troleum prod uc t s , a nd 
4 2  b a s ic i nd u s tr i al chemi c a l s ,  a $ 1 . 6  b i l l ion f und w i l l  b e  e s t ab ­
l i s hed t o  enab le t h e  gove r nme n t  t o  pay c le a nu p  cos t s  r es u l t i ng f r om 
re leases  of  h a z a rd ou s  s ub s tances  i n to the e nv i ro nme n t  wh e n  the  
cu l pab le party is  unknown or u n ab le to  pay . The  r epo r t i ng r eq ui re­
me n t s  unde r the Act are e x pe c t ed to r e ve a l  t h e  e x i s tence of h a z a rd­
ous was te d i s po s a l  s i tes t h a t  are not r eg u l a t ed , i . e . ,  not a c t ive 
under RCRA . Ser i o u s  l i ab i l i ty cons eq ue nc e s may r e s u l t  to c ompa n i e s  
t h a t  a re s ub s eque n t l y  found to h ave u sed s i te s  t h a t a r e  c re a t i ng a 
d ange r to huma n h e a l t h  or the e n v i ronme n t . 

The u l t ima t e  e f f e c t s  of  S u pe r f und a re s omewh a t  l e s s  pred i ct ab le 
fo r the pe troleum i nd u s try than fo r some othe r i nd u s t r i es at t h i s  
poi n t . Th e " de ep pocke t "  approa ch , und e r  wh i ch e n forceme n t  i s  
pres sed ag a i ns t t h e  pa r ty mos t  l i ke l y  to b e  ab le t o  pay , r eg a rd le s s  
o f  the e x t e n t  o f  cu lpab i l i ty ,  could  place  a n  e x t reme l i ab i l i ty o n  
f i nanc i al ly so l ve n t  g e ne ra tors of  h a z a rdou s wa s te s . S uc h  g e n e ra­
tors are a s s umed to b e a r  a l i ab i l i ty for corre c t i ng d i spos a l  s i te 
prob lems even though th e i r  only c onnect ion w i th the d i s po s a l  ope ra­
t ion i s  the i r  con t r i b u t ion of wa s te s  for d i spos a l . The total  im­
pact of  S upe r f und o n  the pe troleum i nd u s try c a n not b e  d e t e rm i n ed 
un t i l the reg u l a tory program i s  c omp l e ted . 
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G .  The  E n d ange red S pe c i e s  Ac t 

Th e E n d a ng e r e d  S pe c i e s Ac t ma nda t e s  a f f i rmat i v e  a c t ion to 
pre s e rve e nd a nge red a nd t h r e a t e ned s pe c i e s . I t  d e c la re s  t h a t  there 
i s  a pub l ic r e spons ib i l i ty to preve n t  the e x t i n c t ion o f  s pe c i e s  o f  
f i sh , w i l d l i fe , o r  p l a n t s  t h a t  wou ld occur a s  a cons eq ue nce o f  
econom ic growth o r  d e ve l opme n t ; a nd i t  e nc o ur a g e s  t h e  s t a te s , 
through fed e ral f i n a nc i al i nce nt ive s , to deve l op a nd ma i nt a i n  c on­
s e rva t ion programs tha t work to mee t  th i s  goal . I t  f ur th e r  pro­
v i d e s  that a n  e n t i re e cosys tem of a threa te ned s pe c i e s  may b e  
conse rv ed , a nd d e c lares  that i t  i s  the po l i cy o f  Congre s s  th a t  a l l  
f ed e ral depa rtme n t s  a nd ag e nc i e s shal l s e ek t o  c o ns e rve e nd a ng e r ed 
spe c i es a nd u se the i r  a u t hor i t i es i n  f urtherance  o f  t h e  Ac t .  

Th i s  l aw pre s e n t s  b a rr i e rs to pe tro l e u m  i nd u s t ry d e ve l opme n t  
b ecau se i t  i s  w r i t t e n  i n  ge ne ral l a ng uage , prov i d i ng t h e  E x e c u t ive 
Bran ch r eg u l a to rs w i th s i gn i f i cant new powe rs b u t  l i t t l e  or no 
ope r a t ional g u i d a nce . The impa c t  of  the prog r am h a s  g r own s ig n i f i­
can tl y  i n  r e c e n t  ye a rs . The e n t i re e c osystem of a n  e nda ng e red 
spe c i e s  may e nc ompas s  a va s t  amount of  ac reage o r  o c e a n  t h a t  wou l d  
b e  p l a c ed of f l i mi t s  to natural resou rce deve l opme n t .  T h e  l i s t  o f  
e ndange r ed d omes t i c f l ora a n d  f a una con t a i ns appro x ima t e l y  3 0 0  
spe c i e s . 

I I .  I n t e r n a t i o n a l  Ma r i ne 

Na t i ons have a g re a t  i n te r e s t  in  promo t i ng a s a t i s fa c tory 
qua l i t y  o f  i n terna t iona l wa ters both o f  the  h i g h  s e a s  and o f  
i n terna t ional bas i n  d ra i nag e sys tems . Po l l u t ion o f  the h ig h  s e a s  
end ange r s  t h e  qua l i ty a nd resource s o f  t h e  t e rr i tor i a l  wa t e r s  o f  
coa s tal nat ions and , o f  course , the sho res as we l l . 

A .  I n t e rgove r nme n ta l  Ma r i t ime Cons u l tat ive Org a n i z a t i on 

To s e rve a s  the ins t i tu t ional me chan i sm f o r  e s t ab l i s h i ng wor l d ­
w i d e  ve s s e l  s tandard s , t h e  I n te rgove r nme n t a l  Ma r i t ime Cons u l t a t i ve 
Org an i z a t io n  ( I MCO ) was founded i n  1 9 5 9  und e r  the a u s p i c e s  o f  the 
Un i ted Nat ions . S i n c e  i t s  i n c ept ion , IMCO h a s  b e e n  pr ima r i l y  a 
ma r i t ime- n a t io n  ag e ncy d e a l i ng w i th tech n i c a l  ma r i t ime prob lems . 
The c os t s o f  I MCO adm i n i s trat ion are d i v ided among the ma r i t ime 
nat ions accord i ng to the tonnage of  ve s s e l s  f l y i ng e ach n a t ion ' s  
f l ag . Non-ma r i t ime nat ions have a s ta nd i ng i nv i t a t ion to a t te nd 
I MCO me e t i ng s , b u t  few h ave done so and the i r  vo t i ng powe r h a s  not 
b e e n  s ub s tant i a l . 

The fol l ow i ng i n ternat ional conve n t io n s  d e v e l oped b y  o r  under  
the j ur i sd i c t ion o f  I MCO relate  to  ve s se l  s a f e ty a nd po l lu t ion 
preve n t ion : 

• I n te rnat ional  Conve n t ion for S a fe ty o f  Li fe a t  S e a  ( SOLAS ) ,  
1 9 6 0  a nd 1 9 7 4  ( ge neral  l i fe- s av i ng r eq u i reme n t s  fo r 
ves s e l s ) .  

• I n terna t ional Conve n t ion on Load L i ne s ,  1 9 6 6  ( es t ab l i s h ed 
l oad l i mi t s ) . 
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• I n t e rn a t ional Reg ula t ion for P r eve n t i ng C o l l i s ions a t  S e a , 
1 9 7 1  ( vo l untary r u l e s  of the road ) .  

• I n ternat ional Conve nt ion for th e P r e ve n t ion o f  Pol l u t i on of  
the S e a  b y  O i l , 1 9 5 4  ( ope r a t ion d i sch a rg e  s ta nd a rd s  a nd 
proh ib i t ed d i s ch a r g e  zone s ) ,  ame nd e d  1 9 6 2 ,  1 9 6 9 , a n d  1 9 7 1 . 
Al l ame nd me n t s  e x c ep t  1 9 7 1 a r e  i n  fo r c e . 

• I n t e r na t ional Co nve n t io n  Re l a t i ng t o  I n te rve n t i o n  o n  the 
H i gh Seas i n  C a s e s  of  O i l  Pol l u t ion , 1 9 7 1  ( r i g h t s  of  a 
c oa s t al n a t ion to protect i t se l f  from a d i s ab led ve s s e l  
c a r ry i ng o i l ) . 

• I n t e rnat ion a l  Conve n t ion on C i v i l  L i ab i l i ty for O i l  
Po l lu t ion Damag e , 1 9 6 9  ( s e t s  s tr i c t  l i ab i l i ty wi t h  l im i t s  
fo r s h i powne rs i n  c a s e s  o f  o i l  pol l u t ion ) .  

• Conv e n t io n  on the E s tab l i s hme n t  of  a n  I n t e r n a t ional Fund f o r  
Compe n s a t ion for O i l  Po l l ut io n  Damag e , 1 9 7 1  ( c r e a t e s  an 
i n t e r n a t ional f und to cove r oil  po l l u t io n  damag e s  b eyond the  
l i ab i l i ty of the s h i powne r ) . 

• I n ternat ion al Conve n t ion for the P r e ve n t i o n  of  Pol l u t i on 
From S h ips , 1 9 7 3  -- r e f e rred to a s  MARPO L 1 9 7 3 ( new d i s­
charge a nd cons truct ion s ta nda rd t re a ty for al l pol l u t i ng 
s ub s tances d e s igned to s ub s t i tu t e  fo r the 1 9 5 4  Conve n t ion 
not ye t e n forced ) .  

• Tanker S a f e ty and Po l l u t ion Preve n t io n  Conve n t i o n  o f  
Feb rua ry 1 9 7 8  -- r e f e rred t o  a s  MARPO L 1 9 7 8  ( req u i res 
segreg a t ed b a l la s t t a nks , ded i ca t ed c l e a n  b a l la s t  tank s , or 
c rude o i l  wa s h i ng e q u i pme nt on ex i s t i ng a nd new ve s se l s  - ­

not yet e n forc ed ) .  

• S tandards o f  Tra i n i ng ,  C e rt i f i cat ion a nd Wa tchke ep i ng for 
S e a f a re rs , 1 9 7 8  ( n a t ional l i c e ns i ng p r og r ams , a nd improve­
me n t s  i n  tra i n i ng ,  q ua l i f i c at ion , a nd c e r t i f i c a t i on for 
t a nke r pe rso nnel  -- n ot ye t e nfo rced ) .  

The s ta tu s  of  I MCO- r e l a ted i n t e rnat ional conve n t ions i s  s hown i n  
T ab l e 5 .  

I nte rnat ional  e f fo r t s  to s tr i c t l y  con trol  ves s e l- source pol l u­
t io n  we re ac tua l l y i n i t i a ted a t  the b e h e s t  of  the Un i t ed S t ates . A 
c o n ference o n  the s ub j e c t  conve ned i n  1 9 2 6  i n  Wa s h i ng to n , D . C . , b u t  
a u . s .  propo s a l  for a to tal p roh ib i t ion o f  o i l  d i sc h a rg e s  from 
sh ips wa s d e fe a t ed two to one . I t  wa s not un t i l  1 9 5 4  t h a t  a con­
ve n t io n  was f i nal l y  c o n c l uded - - b u t  w i tho u t  a d i s c h a rg e  b a n . 
I nternat ional d i sch a rges we r e  mere ly l im i t ed a nd e n forceme n t  wa s to 
b e  ca r r i ed ou t by the f l ag- n a t ion , u s i ng pe nal t i e s  i t  d e term i ned 
appropr i a t e . Nat ions oth e r  than the f l ag - n a t i o n  c o u l d  i ns pe c t  the 
ve s sel ' s  o i l  record b ook ( manda ted by the 1 9 5 4 Conv e n t io n ) only 
whe n  i t  c al led a t  t he i r  po rts a nd , i f  d i s c r e pa n c i e s  we re d i scov­
e red , t h ey wou l d  h ave to req ue s t  the f l ag- n a t ion to take e nf o r ce­
me nt act ion . 
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TABLE 5 

Status of IMCO-Related International Conventions 

Convention 

Safety of Life at Sea ( SOLAS ) ,  1960  
Amendments : 

1 966 ( Fire safety ) 
1 967 ( Fire safety/radio ) 
1968 ( Navigation/equipment ) 
1 969 ( Equipment , surveys , and radio ) 
1 9 7 1 ( Radios and routing ) 
1 97 3  ( Editorial ) 
1 9 7 3  ( Grai n )  

Safety o f  Life a t  Sea ( SOLAS ) ,  1974  
1 978 Protocol ( TSPP ) 

Collision Regulations , 1 9 72 

Oil Pollution , 1 954 
Amendments :  

1 962 ( Rewrit e )  
1 969 ( Eliminates prohibited zones , 

allows limited discharge ) 
1 9 7 1 ( Tanker tank s i z e )  
1 9 7 1  ( Great Barrier Reef ) 

International Pollution from Ships 
(MARPOL ) I 1973  
1 978 Protocol ( includes modified 
text of 1973  convention ) 

Load Line , 1966 
1 9 75 Amendments 

Tonnage Measur ement , 1969 
Intervention , 1 969 ( High s eas , 

oil pollution casualties ) 
Civil Liability , 1 969 
Compensation Fund , 1973  
Safe Containers ( Geneva , 1 9 72 ) 
Search and Rescue Convention , 1979 
Intervention , 1 9 73 ( High seas , 

other than oil ) 
Oc ean Dumping ( London , 1 9 72 ) 

non-IMCO 
Standards of Training, Certification , 

and Watchkeeping , 1978  

4 0  

Date of u . s .  
Ratification 

0 4-07-67  
06- 1 0-68 
1 1 -2 2-72  
1 1- 2 2 - 72 
1 1 - 1 6-73  
0 2 - 0 3- 7 6  
0 2-03-76  

09-0 7-78 
0 8- 1 2 -80  

1 1-2 3-76  

09-2 1-66  

1 0- 1 7-73  

0 8 - 1 2-8 0 

1 1 - 1 7-66 
08- 1 2-80  

0 2 -2 1-74  

0 1 - 0 3-78  
0 8 - 1 2-80  

09-07-78 

0 4-2 4-74 

Date In Force  
I nternationally 

1 9 6 5  

0 5-2 5-8 0 
0 5-0 1 - 8 1  

1 9 7 7  

1958  

1 9 6 7  

1 9 7 8  

1 9 6 8  

0 7 - 18-82  

1975  
0 6- 1 9-75  
1 0 - 16-78  
09-06-77  

1975  



The d i scha rge s ta nd a rd s  a n d  proh ib i te d  zones  we r e  mad e mor e  
s tr i ng e n t  i n  1 9 6 2 . The  1 9 6 9  ame ndme n t s  d i d away wi th z o n e s  
a l toge t h e r  a nd l im i t ed t h e  rate o f  d i s c h a rg e  o f  o i l  even f ur t he r . 
Bu t the d i s c h a rg e  s ta nd a rd s ad op ted wou l d  s t i l l p e rm i t  a 3 0 0 , 0 0 0  
de adwe ight  ton ( DWT ) ta nke r to d i s ch a rge a max imum o f  2 0  tons 
d ur i ng the course of  any o ne ba l la s t  voyage at a rate not to e x c eed 
8 0  l i te rs pe r m i l e . 

The 1 9 7 1  ame ndme n t s  to the 1 9 5 4  Conve n t io n  a r e  mor e  s i g n i f i­
c an t . For the f i rs t t ime , c ons tru c t ion s t and a rd s  we r e  deve l oped to 
preve n t  or mi n im i z e  o i l ou t f l ow i n  the  eve n t  of  a n  a c c iden t . These  
req u i r eme n t s  res t r i c t  ca rgo tank s i z e  a s  a me ans o f  l im i t i ng max i­
mum o i l  o u t f l ow r es u l t i ng from a t a nke r col l i s i o n  o r  ground i ng . 
The 1 9 5 4  Conve n t ion a nd ame ndme nts we re s ub s eq ue n t l y  s upe rs eded b y  
MARPO L 19 7 3  a nd MARPO L 1 9 7 8 .  

MARPOL 1 9 7 3  was deve l oped i n  Lo nd on i n  Novemb e r  1 9 7 3 , a nd 
re pre s e n ted t h e  mos t c omprehe ns ive trea ty on the  s ub j e c t  to t h a t  
t ime . I n c l uded we r e  me a s u r e s  to control mo re po l l u t a n t s than  eve r 
be fore a nd emph a s i s  wa s put  on preve n t ion r a t h e r  than c l e a nup a nd 
o th e r  pos t-ac c i d e n t  m e a s ur e s . Br i e f l y , t h e  new t r e a ty i nc l uded the  
fo l l ow i ng s a l i e n t  fea t ures : 

• Reg u l a t ion o f  s h i p  d i scharges o f  o i l , var i ou s  l iq u i d  
s ub s tance s , a nd h arm f u l  package goods 

• Con trol , for the f i rs t  t ime , o f  t a nke rs c a r ry i ng r e f i ned 
prod u c t s  

• Req u i reme n t s  fo r s eg r eg a t ed b al l a s t  f o r  a l l t a nke r s  ove r 
7 0 , 0 0 0  DWT c o n t r ac t ed f o r  a f te r  De cemb e r  3 1 ,  1 9 7 5  ( b u t  d oe s  
not r eq u i re d o ub l e  b ot toms ) 

• Proh ib i t i on o f  a l l  o i l  d i scharges w i th i n  5 0  m i l e s  o f  l a nd 
( a s d i d the  1 9 6 9  ame ndme nt ) 

• Mand a t e  for al l t a nke rs to ope rate  w i th the  l oad-on- top 
sys tem , i f  c apab le 

• Red u c t ion o f  max imum pe rmi s s ib l e d i scharge  for n e w  t a nke rs 
from 1/ 1 5 , 0 0 0  to 1 /3 0 , 0 0 0  of c a rgo capa c i ty ( No t e : no to tal  
d i s ch a rge proh ib i t io n ) 

• Reg u la t ion of  the c a r r i age of  3 5 3  no x i ou s l iq u i d  s ub s tance s 
w i th req u i reme n t s  r a ng i ng from r e c ep t io n  fac i l i t i e s  to 
d i l u t ion pr ior to d i s cha rge 

• Con trol of  h a rm f u l  pac kage goods i n  te rms of packag i ng , 
lab e l i ng ,  s towag e , a nd q uan t i ty l im i t a t ions 

• Proh ib i t io n  of  d i sch a rge of sewage w i th i n  fou r m i l e s  o f  l a nd 
u n l e s s  the sh ip has an approved trea tme n t  p l a n t  i n  opera­
t io n , a nd f r om 4 t o  1 2  m i l e s  un l e s s  the sewage is m a c e ra ted 
a nd d i s i n fe ct ed . 4 
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I n  the a r e a  o f  e n forceme n t , the i n ternat i on a l  l e g a l  s ta tu s  q uo 
wa s mod i f i ed to some degre e . The flag - n a t i o n  m u s t  pun i sh s h ip 
own e rs for a l l  v io l a t io n s . A coa s tal n a t ion h a s  th e r ig h t  ( as wel l 
a s  the d u ty )  to p un i s h the own e r  of a fore ign- f l ag ve s s e l  f o r  
v io l a t ions o c c u rr i ng i n  i t s  waters o r  to re f e r  th e v io l a t i on t o  the 
flag- n a t io n  for pros e cu t ion . N a t ions that ra t i fy the t r e a ty mu s t  
app l y  i ts t e rms to a l l  v es s e l s , i nc l ud i ng those f l yi ng f l ag s  o f  
n a t ions that d o  not s ig n  the treaty , i n  ord e r to p r eve n t  v e s s e l s  o f  
nons i gn a tory n a t i o ns from g a i n i ng c ompe t i t i ve ad van t age . T o  s e t t l e  
a ny d i sput es , c om p u l s o ry a rb i trat ion i s  a tre a ty r eq u i reme nt . 

On the q ue s t io n  of  s ta nd a rd- s e t t i ng a u t ho r i ty ,  a pr ov i s io n  w a s  
d e fe a t ed th a t  wou l d  h a v e  made t h e  tre a ty prov i s ions  e x c l us i ve o n  
s ub j e c t s  i t  ad d re s s ed . Conseq ue n t l y ,  the re are  no tre a ty r e­
s tr i c t ions o n  the r ig h t  o f  coa s t a l  nations  to s e t  mor e  s tr i n g e n t  
req u i reme n t s  w i th i n  the i r  j ur i sd i c t ional wa t e rs . 

The MARPOL 1 9 7 3  Conve n t ion m u s t  b e  rat i f i ed b y  a t  l e as t 1 5  n a­
t ions th a t , a mo ng them , repre s e n t  at l e a s t  5 0  pe r c e n t  o f  t h e  total  
tonnage in  the wo r l d  f l e e t .  S i nce prev iou s c onve n t ions  r eq u i red 
rat i f icat ion b y  3 2  n a t ions , th i s  repre s e n t s  a s i g n i f i c a n t  e a s i ng o f  
the ra t i f ic a t io n  proces s .  

I n  m id - De c emb e r  1 9 7 6 ,  t h e  Argo Me rchant ran ag round a nd b roke 
up ne a r  Nantucke t ,  Ma s s a c h u se t t s . In  a l i t t l e  over t h r e e  mon ths 
there w e r e  1 4  mor e  t a nke r- r e l a ted i nc i d e n t s  o f f  U . S .  c o a s t s . O f  
thes e ,  almos t two- th i rd s  we r e  s e r i ou s . Fo l l ow i n g  t h e s e  a c c i de n t s , 
the Pres id e n t  w a rned t h e  wor l d  ma r i t ime commun i ty th a t  t h e  Un i ted 
States  i n t e nded to e ns ur e  that the eve n ts of  th e w i n t e r  of 1 9 7 6 -
1 9 7 7  wou l d  not r e- o c cu r . The  Admi n i s tr a t i o n  s ugge s ted t h a t  the 
Un i ted States wou l d  t ake un i lateral  a c t ion i f  ne c e s s a ry , b u t  tha t 
i t  wou ld p r e f e r to j o i n  the i nt e r n a t ional s h ipp i ng commun i ty i n  
improv i ng t a nke r r eg u la t ions a nd e x i s t i ng pol l u t ion pre ve n t i o n  
me as ures . I n  re spo n s e  to the P res id e n t ' s  i n i t ia t ive s ,  t h e  Ta nke r 
S a fe ty and Po l l u t i on Prevent ion Co n fe r e nc e was convened i n  F eb rua ry 
1 9 7 8 . Th e outc ome of th i s  I MCO conference w a s  the ad op t io n  of  
ame ndme nts to SOLAS 1 9 7 4  a nd MARPOL 1 9 7 3 .  Because proc e d u r a l  
cons t r a i n t s  d o  not pe rm i t  ame nd me n ts to conv e n t ions tha t  a r e  not i n  
force a nd n e i th e r  SOLAS 1 9 7 4  n o r  MARPOL 1 9 7 3  h ad b e e n  r a t i f i ed b y  
the req u i s i t e  numb e r  of  s ta tes a t  the d a te o f  t h e  c o nve n t i o n , t h e  
c o n fe re n c e  r e s u l t s  b e c ame " pr o tocols " t o  t h e s e  two conven t i o n s . 
The new r e q u i reme n t s  a re a s  fo l lows : 

e SOLAS P roto c o l  1 9 7 8  

I mproved i ns pe ct ion a nd cert i f ic a t io n  proced u r e s  fo r al l 
sh ips . 

I ne r t  g a s  s ys tems for a l l  new ta nke r s  o f  2 0 , 0 0 0  DWT a nd 
ove r a nd e x i s t i ng t a nke rs o f  4 0 , 0 0 0 DWT o r  mo re . 

S e cond rad a r  on al l s h ips ove r 1 0 , 0 0 0  g ros s r eg i s te red 
tons ( GRT ) . I MCO wa s ob l ig a t e d  to prepa re a pe r forma nce 
spe c i f ic a t io n  for col l i s ion avo i d a n ce a id s . 

4 2  



I mproved emerge ncy s teeri ng g e a r  r eq u i r i ng two i nd epe n­
de n t  s te e r i ng control sys t ems for al l ta nke r s  1 0 , 0 0 0  GRT 
o r  mo r e . 

e MARPOL Protocol  1 9 7 8  

Prot e c t ive loca t io n  of seg reg a ted b a l la s t  t ank s i n  the 
s i de a nd b ot tom s h e l l  areas  fo r new t a nke r s  

C le a n  b a l l as t t a nks a s  a n  a l te r n a t ive t o  s eg r e g a ted b a l ­
l a s t  o n  pr od u c t  tanke rs b y  u s i ng ded i c a t ed c a rg o  t a nk s  
only for c le a n  b al la s t  wa ter 

Crude oil wa s h i ng f o r  tanke rs o f  2 0 , 0 0 0  DWT a nd ove r  a nd 
a s  a n  a l te r n a t ive to s egrega t ed b al la s t  fo r e x i s t i ng 
c rude o i l  t a nkers o f  4 0 , 0 0 0  DWT or mo r e . 

MARPO L 1 9 7 3  a nd i t s 1 9 7 8  P rotocol a re not ye t i n  force ; howeve r ,  
SOLAS 1 9 7 4  h a s  b e e n  i n  force s i nce May 1 9 8 0  a nd i t s  1 9 7 8  P ro toco l 
c ame i nto force on May 1 ,  1 9 8 1 . 

Re cogn i z i ng t h e  impo rtance of  the h uma n e l eme n t  i n  m i t ig a t i ng 
po l l u t ion i n c ide n t s  o n  the s e a s , I MCO cal l ed a c o n f e r e n c e  t h a t  
r e s u l t ed i n  a n  I n t e r na t ional Conve n t io n  on S t a nd a rd s  o f  T r a i n i ng , 
Cert i f icat ion a nd Wa tchke ep i ng for S e a fa re r s , 1 9 7 8 . Th i s  con fe r­
e nce was the f i rs t eve r cal led to e s tab l i s h i nt e r n a t ional s ta nd a rd s  
for sh ips ' of f i c e r s  a nd c rews . S pe c i f i c al ly ,  t h e  Conve n t ion pro­
v i d e s  fo r the s ub m i s s ion of n a t ional l i c ens i ng p rog r ams a nd t h e  
e x ch a nge o f  d a t a  amo ng pa rt i e s , a nd i t  prov i d e s  for t h e  tra i n i ng , 
q ua l i f ic a t io n , a nd c e rt i f ic a t ion of t a nke r p e r s o n ne l . 

COSTS OF ENV I RON MENTAL CONTROLS TO TH E PETROLEUM I N DUSTRY 

I .  The P a s t  

The S e c r e t a ry o f  Ene rgy r eq ue s t ed of  t h e  N P C  i n forma t i o n  o n  the 
impact of  e nv i ronme n tal controls on the cos t of  pe trole um prod uc t s  
and na t u r al gas . The Amer i ca n  Pe tro le um I ns t i t u t e ' s  ( AP I ) Ann u a l  
E xpe nd i ture S urvey d e sc r ib e s  a nd docume n t s  t h e  cos t t o  U . S .  
pe tro l e um c ompa n i e s ,  repre sent i ng 7 0  per c e n t  o f  U . S . r e f i n i ng 
c apa c i ty . S T h e s e  cos t s  are  reported a s  s pe nt a nd h ave not b e e n  
e x trapo la ted to i n c l ude the nonrepo rt i ng c ompa n i e s . The a n n u a l  
r eport s hows the s pe c i f ic cos ts fo r the c u r r e n t  1 0- ye a r  pe r iod w i th 
a var i e ty of  par ame te rs : tot al expe nd i t ure s ;  c ap i t al e x pe nd i t ure s ; 
admi n i s tr a t ive , ope ra t i ng , a nd ma i nt e n ance expe nd i tu re s ; a nd 
research a nd d e ve l opme n t  e x pe nd i t ur e s  for e a ch year . The d e ta i l s 
of tho s e  expe nd i t ures a re b road e ned to id e n t i fy the cos ts fo r a i r , 
wa te r ,  a nd l a nd a nd othe r , as well  a s  for the i nd u s t ry o pe ra t i ng 
s egme n t s : e x p l o ra t ion a nd produc t ion , t ranspo r t a t ion , ma rke t i ng ,  
and r e f i n i ng . Th e s e  c o s t s  i n c l ude only f i rm l y  i d e n t i f i ed e x pe nd i ­
t ures a nd do n o t  i nc lude cos ts of  d e l ays o r  l os t oppo r t un i t i e s  
res u l t i ng from e n v i ro nme n t a l  reg u lat ions . 
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S pe c i f ic d e t a i l s  of  the lates t s urvey a re p rov i d ed i n  T ab l e s  6 ,  
7 ,  8 ,  9 ,  a nd 1 0 .  F ig ur e s  6 ,  7 ,  a nd 8 s how some ve ry i nt e re s t i ng 
trends i n  e x pe nd i t u re s , e s pe c i al ly the d r ama t i c  i nc r e a s e  i n  oper a t­
i ng e x pe nd i tures  wh e n  compa red w i th cap i tal e x pe nd i t ur e s . Th i s  
i nc r e a se i s  d ue i n  pa r t  to t h e  la rge i nc r e a s e  i n  the c o s t o f  ene rgy 
to ope rate the control eq u i pme n t  and the proce s s  un i ts to make 
e nv i ro nme n t al l y  acceptab le prod uc t s , as wel l as the i nc re a s ed 
e f fo rt to ope r a te a nd ma i nt a i n  the new po l l u t ion control  dev i c e s . 
By 1 9 7 9 , the total e xpe nd i t ur e s  for the 1 0 -ye a r  pe r io d  for c a p i t a l  
a nd ope r a t i ng e x p e n s e s  we r e  e s se n t i al ly t h e  s ame , approx i ma t e l y  
$ 8 . 5  b i l l io n  e ach . B y  1 9 8 0 , t h e  tot al 1 0 -yea r  ope r a t i ng e xpend i ­
tures ex c e eded t h e  cap i tal e x pe nd i tures b y  a lmos t $ 1 . 1  b i l l i o n  a nd 
that tre nd i s  pred i ct ed to con t i nue . 

I I . The F u ture 

Dur i ng t h e  1 9 7 0 ' s ,  Ba ttel le Columb u s Lab o r a to r i e s  anal y z e d  the 
cos t of  e nv i ronme n t a l  r eg u lat ions to the u . s .  d ome s t i c  pe t ro l e um 
i nd u s try . 6 The  1 9 8 0  r epo rt cond uc ted d ur i ng t h e  1 9 7 8 -1 9 7 9  pe r iod 
not only i n c l u d ed the c os t  o f  con trol l i ng pol l u t ion i n  prod u c t ion , 
re f i n i ng , t r a ns po r ta t ion , a nd ma rke t i ng , b u t  a l s o  ad d e d  t h e  c os t of  
prov i d i ng prod ucts th a t  me t the s pe c i f i c at ions set by e n v i ro nme n t a l  
r eg u l a t ions . 

The B a t te l l e  repo r t  e s t ima tes cos ts fo r the e n t i r e  pe troleum 
i nd u s try a nd pre s e n t s  its  res u lt s  i n  te rms of  cons t a n t  1 9 7 9  
d o l la rs . T h e s e  cos t s  are d i f fe re nt from t h e  AP I - reported c os t s .  

The a nalys i s  d e ve l oped b ot h  cap i tal a nd ope ra t i ng cos t s  a nd 
f rom the s e  deve l oped a n  annua l i z ed cost  u s i ng a 1 2 . 5  perce n t  r e t u r n  
a f te r tax e s . Two cos t s c e na r i os we re dev e l oped - - a n  a n t ic i p a ted 
case , wh i ch a s s ume s mod e r a te r eg u l a tory s e ve r i ty ,  a nd a r e s t r i c t ive 
c a se , wh ich as s umes a s ev e re one . Th i s  r epo r t  w i l l  u se the a n t i c i­
pa ted cas e whe r e  r eg u l a t ions a re in  place o r  n e a r l y  so a nd th e r e­
s tr i c t ive s c e n a r i o  o n l y  i n  the case of  tho s e  r eg u l a t ions r es u l t i ng 
from RCRA . 

The cumu la t i ve c a p i t a l  i nves tment by 1 9 9 0  i s  $ 5 7  b i l l io n  ( co n­
s tant 1 9 7 9  d o l la rs , e x c l ud i ng RCRA req ui reme n t s ) i n  the a n t ic ipa ted 
ca se . The a n n u al c a p i t a l  c os t  for 1 9 9 0  i s  $ 2  b i l l io n ; o f  p a r t i c u ­
l a r  i nt e res t i s  the f a c t  that t h e  i ncreased e ne rg y  r eq u i red i n  1 9 9 0  
for the f ac i l i t i e s  r e pr e s e n t ed b y  the s e  expe nd i t ur e s  i s  equ i va l e n t  
to approx i ma t e l y  4 5 0 , 0 0 0  b a rr e l s  of  o i l  pe r day . 

The mos t cos tly pot e n t i al r eg ul a t ions a re tho s e  r e l a ted to 
RCRA , wh i ch amount to a n  a n n ua l i z ed cos t o f  $ 4 4  b i l l io n  in  1 9 9 0  
u s i ng a s tr ic t  i nt e rp r e t a t io n  o f  reg ul a t ions annou n c ed a t  the t ime 
of the s t ud y . B e c a u s e  o f  uncerta in t i e s in r e g u l a t i o ns to b e  
proposed a nd leg i s l a t io n  b e i ng cons id e red a t  the t ime , i t  wa s 
impos s ib le the n  a nd now to prope rly eva l ua t e  the impa c t . I t  i s  n ow 
ant ic ipa ted t h a t  EPA ' s  approach w i l l  b e  mode r a ted to a l a rg e  deg r e e  
so that th i s  i s  a n  e x ag gerated  case i n  the s ho r t  t e rm .  
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TABLE 6 

Summar� of E n v i ronmental E xEenditures o f  t h e  P e t r o l eum I ndu s t r� - - 1 9 7 1 - 1 9 8 0  
( Mi l l io n s  o f  Do l l a r s ) 

Year To t a l  

1 9 7 1  1 9 72 1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  1 9 7 1 - 1 9 8 0  

To t a l  Exp e n d i tur es ( Ta b l e  7 )  

A i r  $ 5 7 1  $ 5 5 0 $ 7 3 7  $ 9 3 2  $ 1 , 0 3 9  $ 1 , 2 1 6  $ 1 , 1 8 8 $ 1 , 3 49 $ 1 , 6 1 6  $ 2 , 1 84 $ 1 1 ,  3 82 

Wat e r  4 1 5  3 7 9 4 0 2  5 3 0  6 2 9  8 2 2  9 5 0  884 1 ,  0 0 1  1 , 2 99 7,  3 1 1  
La nd and Oth e r  1 0 1  9 1  1 0 0  1 5 0 4 5 6  3 3 6  3 8 3  1 9 4  2 0 3  3 5 7  � 

Tot a l  $ 1 , 0 8 7  $ 1 , 0 2 0  $ 1 , 2 3 9 $ 1 , 6 1 2  $ 2 , 1 2 4  $ 2 , 3 7 4  $ 2 , 52 1  $ 2 , 42 7  $ 2 , 82 0  $ 3 , 84 0  $ 2 1 , 0 6 4  

Cap i t a l  Exp e n d i tur e s  ( Ta b l e  8 )  

A i r  $ 3 9 1  $ 3 0 5  $ 4 3 6  $ 52 7  $ 6 0 1 $ 5 3 6  $ 3 3 9  $ 4 2 9  $ 5 6 1  $ 7 2 8  $ 4 , 8 5 3  

� Wat e r  2 2 4  1 84 1 9 4  2 7 1  3 5 6  4 1 1 4 3 4  3 4 0  3 9 4  5 2 7  3 , 3 3 5  
V1 Land and Oth e r  5 7  5 1  5 2  9 7  3 9 6  2 69 1 84 89 92 1 8 3 1 ,  4 7 0  

Tot a l  $ 6 7 2  $ 5 4 0  $ 6 82 $ 8 9 5  $ 1 , 3 5 3  $ 1 , 2 1 6 $ 9 5 7  $ 8 5 8  $ 1 ,  0 4  7 $ 1 , 4 3 8  $ 9 , 6 5 8  

Admi n i s t r a t iv e ,  Op era t i ng ,  and Ma i ntenance Exp e n d i t u r e s  ( Ta b l e  9 )  

A i r  $ 1 4 3  $ 1 9 8  $ 2  5 1  $ 3 5 2  $ 3 89 $ 6 3 5  $ 792 $ 864 $ 9 9 7  $ 1 , 3 92 $ 6 , 0 1 3  
Wa ter 1 8 5  1 8 7  2 0 1 2 4 9  2 6 2  4 0 1 5 0 2  5 3 2  5 9 4  7 5 4  3 , 86 7  
La nd and Ot her 4 1  3 7  4 3  5 0  5 5  6 3  1 9 7 1 0  1 1 0 6 1 6 5 8 5 8  

Tot a l  $ 3 6 9  $ 4 2 2  $ 49 5  $ 6 5 1 $ 7 0 6  $ 1 , 0 99 $ 1 ,  49 1 $ 1 , 49 7  $ 1 , 69 7  $ 2 , 3 1 1  $ 1 0 , 7 3 8  

R e s e a rch and Deve l opm e nt Exp endi tur e s  ( Ta b l e  1 0 )  

A i r  $ 3  7 $ 4 7  $ 5 0  $ 5 3  $ 4 9  $ 4 5  $ 5 7  $ 5 6  $ 5 8  $ 6 4  $ 5 1 6  
Wat e r  6 8 7 1 0  1 1  1 0  1 4  1 2  1 3  1 8  1 0 9  
Land a nd Oth e r  3 3 5 3 5 4 2 4 5 9 4 3  

Tot a l  $46 $ 5 8  $ 6 2  $ 6 6  $ 6 5  $ 5 9  $ 7 3  $ 72 $ 7 6  $ 9 1  $ 6 68 

SOURCE : Ame r i c a n  Pet r o l eum I ns t i t ut e ,  Environmenta l ExEe n d i t u r e s  of t h e  U n i t ed S t a t e s  P e t r o l eum I n d u s t ry ,  1 9 8 1 . 



� 
0'\ 

A i r  

Cap i t a l  
Admi n i s t r a t iv e ,  Op e ra t i ng ,  

a nd Ma i n t e nance 
Res e a r ch and D ev e l opment 

Tot a l  

wa t e r  

Cap i t a l  
Admi n i s t r a t iv e ,  Ope r a t i ng , 

a nd Ma i nt enance 
Res earch and Deve l opment 

To tal 

Lancl a n d  Oth e r  

Cap i t a l  
Admi n i s t r a t iv e ,  Ope r at i ng , 

a n d  Ma i nt e nance 
Res earch a nd Dev e l opment 

Tot a l  

A i r , Wa ter , Land a n d  Oth e r  

Cap i t a l  
Admi n i s t r a t i v e ,  Ope ra t i ng , 

a nd Ma i ntenance 
Resea rch a nd Development 

Tot a l  

TABLE 7 

Tota l Envi r o nmental ExEe n d i t u r e s  o f  the P e t ro l eum I nd u s t rl - -

1 9 7 1  1 9 7 2  

$ 3 9 1  $ 3 0 5  

1 43 1 9 8  
3 7  4 7  

$ 5 7 1  $ 5 5 0  

$ 2 2 4  $ 1 8 4  

1 8 5  1 8 7  
6 8 

$4 1 5  $ 3 7 9 

$ 5 7  $ 5 1  

4 1  3 7  
3 3 

$ 1 0 1  $ 9 1  

$ 6 72 $ 5 4 0  

3 6 9  4 2 2  
46 5 8  

$ 1 , 0 8 7  $ 1 , 0 2 0  

( Mi l l ions o f  Do l l a r s ) 

1 9 7 3  

$ 4 3 6  

2 5 1  
5 0  

$ 7 3 7  

$ 1 94 

2 0 1 
7 

$ 4 0 2  

$ 5 2  

4 3  
5 

$ 1 0 0  

$ 6 82 

495 
62 

$ 1 , 2 3 9 

1 9 7 4  

$ 5 2 7  

3 52 
5 3  

$ 9 3 2  

$ 2 7 1  

2 49 
1 0  

$ 5 3 0  

$ 9 7  

5 0  
3 

$ 1 5 0  

$ 8 9 5  

6 5 1 
66 

$ 1  ' 6 1 2  

Y e a r  
1 9 7 5  1 9 7 6  

$ 6 0 1 $ 5 3 6  

3 89 6 3 5  
49 4 5  

$ 1 , 0 3 9  $ 1 , 2 1 6  

$ 3 56 $ 4 1 1  

2 6 2  4 0 1 
1 1  1 0  

$ 6 2 9  $ 82 2  

$ 3 96 $ 2 69 

5 5  6 3  
5 4 

$ 4 5 6  $ 3 3 6  

$ 1  ' 3 5 3  $ 1 , 2 1 6  

7 0 6  1 , 0 9 9  
6 5  5 9  

$ 2 ' 1 2 4  $ 2 , 3 7 4  

1 9 7 7  

$ 3 3 9  

792 
5 7  

$ 1 ,  1 8 8  

$ 4 3 4  

5 0 2  
1 4  

$ 9 5 0  

$ 1 8 4  

1 9 7  
2 

$ 3 8 3  

$ 9 5 7  

1 , 49 1  
7 3  

$ 2  ' 52 1  

1 9 7 1 - 1 98 0  

1 9 7 8  1 9 7 9  

$ 4 2 9  $ 5 6 1  

864 9 9 7  
5 6  5 8  

$ 1 , 3 49 $ 1 , 6 1 6 

$ 3 4 0  $ 3 94 

5 3 2  5 9 4  
1 2  1 3  

$ 8 8 4  $ 1  ' 0 0 1 

$ 89 $ 92 

1 0 1  1 0 6  
4 5 

$ 1 94 $ 2 0 3  

$ 8 5 8  $ 1 , 0 4 7  

1 , 49 7  1 ' 69 7  
7 2  7 6  

$ 2 , 42 7  $ 2 , 82 0  

SOURCE : Amer ican P e t r o l eum I n s t i tut e ,  Envi r o nm e n t a l  E xpe n d i t u r e s  o f  the U n i t ed S t a t e s  P et r o l eum I n du s t ry ,  

Tot a l  

1 9 8 0  1 97 1 - 1 9 8 0  

$ 7 2 8  $ 4 , 85 3  

1 ,  3 9 2  6 , 0 1 3  
64 5 1 6  ----

$ 2 , 1 84 $ 1 1 , 3 8 2  

$ 5 2 7  $ 3 , 3 3 5  

7 5 4  3 , 86 7  
1 8  1 0 9  

$ 1  ' 2 99 $ 7 '  3 1 1  

$ 1 8 3  $ 1  ' 4 7 0  

1 6 5  8 5 8  
9 4 3  

$ 3 5 7  $ 2 , 3 7 1  

$ 1 ,  4 3 8  $ 9 , 6 5 8  

2 , 3 1 1  1 0 , 7 3 8  
9 1  6 6 8  ---

$ 3 , 84 0  $ 2 1 , 0 64 

1 9 8 1 . 



TABLE 8 

E n v i r o nm e n t a l  C api t a l  E xpe n d i t u r e s  o f  t h e  P e t r o l eum I ndustry - - 1 9 7 1 - 1 9 8 0  
( M i l l i o n s  o f  Dol l a r s ) 

Y ea r  To t a l  
1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 79 1 9 8 0  1 9 7 1 - 1 9 8 0  

A i r  

Exp l o r a t i o n  a n d  Product ion $ 1 5  $ 1 7  $ 1 4  $ 2 7  $ 59 $ 8 5  $ 6 8  $ 5 9  $ 5 5  $ 1 2 3  $ 5 2 2  
Tra nspo r tatio n  8 3 1 0  2 2  3 7  3 0  2 6  2 0  1 5  3 3  2 0 4  
Mar ket i ng 3 9  2 1  4 3  1 0 5  5 5  3 6  1 5  1 8  4 3  7 4  449 
Manuf a c tur i ng 3 2 9  2 6 4  3 6 9  3 7 3  4 5 0  3 8 5  2 3 0  3 3 2  4 4 8  4 9 8  3 , 6 7 8  

Tot a l  $ 3 9 1  $ 3 0 5  $ 4 3 6  $ 5 2 7  $ 6 0 1 $ 5 3 6  $ 3 3 9  $ 4 2 9  $ 5 6 1  $ 7 2 8  $ 4 , 8 5 3  

wat e r  

� Explor a t i o n  a n d  Product ion $ 82 $ 6 8  $ 6 2  $ 92 $ 1 1 7 $ 1 3 5 $ 1 8 7  $ 2 0 6  $ 2 4 0  $ 3 1 6  $ 1  ' 5 0 5  

-.] Transpo r t a t ion 2 0  1 6  2 2  3 7  8 4  5 7  4 5  3 8  3 5  5 0  4 0 4  
Ma r ket i ng 1 0  1 4  1 7  1 9  2 5  1 6  1 3  1 3  1 9  3 8  1 8 4  
Ma nu f a c tu r i ng 1 1 2 8 6  9 3  1 2 3  1 3 0  2 0 3  1 89 8 3  1 0 0  1 2  3 1 , 2 42 

Tot a l  $ 2 2 4  $ 1 8 4  $ 1 94 $ 2  7 1  $ 3 5 6  $ 4 1 1  $ 4 3 4  $ 3 4 0 $ 3 9 4  $ 5 2 7  $ 3 , 3 3 5  

Land and oth e r  

Explorat io n  a n d  Product ion $ 1 3  $ 2 2  $ 2 7  $ 3 8  $ 5 7  $ 7 0  $ 5 4  $ 59 $ 6 3  $ 1 2 0  $ 5 2 3 
Tr a nsportation 6 8 9 3 7  3 2 2  1 88 1 0 6  1 8  1 2  1 4  7 2 0  
Ma r k et i ng 1 1  1 4  8 6 4 3 3 4 3 1 4  7 0  
Ma n u f a ctur i ng 2 7  7 8 1 6  1 3  8 2 1  8 1 4  3 5  1 5 7  

Total $ 5 7  $ 5 1  $ 52 $ 9 7  $ 39 6  $ 2 6 9  $ 1 84 $ 89 $ 9 2  $ 1 83 $ 1 , 47 0 

A i r , Wat e r , Land a n d  oth e r  

Tot a l  $ 6 7 2  $ 5 4 0  $ 6 82 $ 8 9 5  $ 1 '  3 5 3  $ 1  ' 2 1 6 $ 9 5 7  $ 8 5 8  $ 1  ' 0 4 7 $ 1 , 4 3 8  $ 9 , 6 5 8  

SOURCE : Ame r i can Petro l eum I n s titu t e ,  Envi ronment a l  E xpenditures o f  t h e  U n i t ed States P e t r o l eum I n du s t ry ,  1 9 8 1 . 



TABLE 9 

Envi ronm e n t a l  Admi n i s tr a t iv e ,  Op erat i ng , 
a n d  M a i n t e n a n c e  ExEenditures o f  t h e  P e t r o l eum I n dustry - - 1 9 7 1 - 1 9 8 0  

( Mi l l i o n s  o f  Do l l a r s ) 

Y ea r  Tot a l  
1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  1 9 7 1 - 1 98 0  

A i r  

Exp l o r a t i o n  and Produc t i o n  $8 $ 8  $ 1 2  $ 1 5  $ 2 0 $ 2 1 $ 2 8  $ 3 2  $ 3 5  $ 6 2  $ 2 4 1  
Transport a t i o n  6 3 4 3 7 1 6  1 1  1 2  1 2  1 6  9 0  
Market i ng 1 3  1 5  2 1 4 3  3 4  2 4  3 0  2 9  3 7  5 7  2 9 8  
Manu f a ctur i ng 1 1 6 1 7 2 2 1 4 2 9 1  3 2 8  5 7 4  7 2 3  79 1 9 1 3  1 , 2 62 5 , 3 84 

To tal $ 1 4 3 $ 1 98 $2 5 1  $ 3 5 2  $ 3 89 $ 6 3 5  $ 792 $864 $997 $ 1 , 3 9 2  $ 6 , 0 1 3  

Water 

""" Exp loration a nd Produ c t i o n  $ 84 $ 6 6  $ 69 $ 9 0  $ 8 7  $ 1 1 5  $ 1 4 1  $ 1 5 4 $ 1 7 3 $ 2 1 5  $ 1 , 1 9 4  
co Transportation 2 1  1 5  1 6  2 5  2 8  4 6  3 7  3 6  3 5  3 9  2 9 3  

Mark et i ng 5 6 7 8 1 1  1 3  1 3  2 2  1 9  2 4  1 2 8  
Ma nu f a ct ur i ng 7 5  1 0 0  1 0 9 1 2 6  1 3 6 2 2 7  3 1 1  3 2 0  3 6 7  4 7 6  2 , 2 4 7 

Total $ 1 8 5  $ 1 8 7 $ 2 0 1  $ 2 49 $ 2 6 2 $ 4 0 1 $ 5 0 2  $ 5 3 2  $ 5 9 4  $ 7 5 4  $ 3 , 86 7  

La nd and Oth e r  

Expl o r a t io n  and Produc t ion $ 1 6  $ 1 6  $ 2 0 $ 2 4  $ 2 9  $ 2  7 $ 3 1 $ 3 8  $ 3 6  $ 5 2  $ 2 8 9  
Transportat ion 5 9 8 8 8 1 4  1 2 8  2 4  1 8  1 9  2 4 1  
Market i ng 7 4 5 5 3 3 4 5 5 8 49 
Manu f a c t ur i ng 1 3  8 1 0  1 3  1 5  1 9  3 4  3 4  4 7  86 2 7 9  

To tal $ 4 1 $ 3  7 $ 4 3  $ 5 0  $ 5 5  $ 6 3  $ 1 9 7  $ 1 0 1  $ 1 0 6 $ 1 6 5  $ 8 5 8  

A i r ,  Wa t e r , La nd and Other 

Tot a l  $ 3 69 $ 4 2 2  $ 4 9 5  $ 6 5 1 $ 7 0 6  $ 1 , 0 99 $ 1 , 49 1  $ 1 , 49 7  $ 1 , 69 7  $ 2 ' 3 1 1  $ 1 0 , 7 3 8  

---
SOURCE : Amer i c a n  Petro l eum I n s t i t ut e ,  Env i ronmenta l E xpenditures o f  th e U n i t ed S t a t e s  P e t r o l eum I n d u s t ry ,  1 9 8 1 . 



TABLE 1 0  

E n v i r o nmen ta l R e s e a r c h  and D ev e lopment Expe n d i t u r e s  o f  the P etro l eum I ndu s t ry -- 1 9 7 1 - 1 9 8 0  
( M i l l i o n s  o f  Do l l a r s ) 

Year Tot a l  
1 9 7 1 1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 78 1 9 7 9  1 9 80 1 9 7 1 - 1 9 8 0  

Air 

Product $ 2 2  $ 1 8 $ 1 9 $ 1 8  $ 1 5  $ 1 8  $ 2 4  $ 2 5  $ 2 1 $ 2 1 $ 2 0 1 
Pro c e s s  1 4  2 6  2 9  3 3  3 2  2 5  3 0  2 8  3 4  40 2 9 1  
Samp l i ng a n d  Tes t i ng 1 3 2 2 2 2 3 3 3 3 2 4  

Tot a l  $ 3  7 $ 4 7  $ 5 0  $ 5 3  $ 4 9  $ 4 5  $ 5 7  $ 5 6  $ 5 8  $ 6 4  $ 5 1 6  

Water 

,j:>. Product $2 $ 2  $ 1  $2 $ 3  $2 $4 $4 $3 $ 4 $ 2 7 
1..0 Proc ess 3 4 4 7 6 7 6 7 9 1 2  6 5  

Samp l i n g  and T e s t i ng 1 2 2 1 2 1 4 1 1 2 1 7  
To t a l  $6 $ 8  $ 7  $ 1 0  $ 1 1  $ 1 0  $ 1 4 $ 1 2  $ 1 3 $ 1 8 $ 1 0 9 

La nd and Other 

Product - $ 1  $ 1  - $ 1  $ 1  - - $ 1  $ 2  $ 7  

Pr o c e s s  1 1 2 2 2 2 2 3 3 5 2 3  
Samp l i ng a n d  Te s t i ng 2 1 2 1 2 1 - 1 1 2 1 3  

Tot a l  $ 3  $ 3  $ 5  $ 3  $ 5  $ 4  $2 $4 $5 $9 $ 4 3  

A i r , Wat e r , La n d  and Other 

Total $46 $ 5 8  $ 6 2  $ 6 6  $ 6 5  $ 5 9 $ 7 3  $ 72 $ 7 6  $ 9 1 $ 6 6 8  

SOURC E :  Amer i c a n  P e t r o l eum I n s t i t ut e ,  E nv i ronm e n t a l  Expe n d i t u r e s  o f  t h e  U n i t ed S t a t e s  P e t r o l eum I n dustry ,  1 9 8 1 . 
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F i g u re 6 . Total Env i ronmental Expend i tures of the Petro l e u m  l n d ustry-1 97 1 -1 980.  
NOTE: Data shown a re as reported to AP I ;  they do not represent 1 00 percent of the expend i tures. 
SOURCE: American Petro leum I nst itute, Environmental Expenditures of the United Sta tes Petroleum Industry. 1 98 1 . 
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SOURCE: American Petro leum I nst itute, Environmental Expenditures of the United States Petroleum Industry, 1 98 1 . 
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Fig u re 8. Env i ron me ntal Ad m i n i strat ive ,  Operat i n g ,  and Ma i ntenance Expe n d itu res 
of the Petro leum l n d ustry-1 971 -1 980 . 

1 980 

NOTE: Data shown are as reported to AP I ; they do not represent 1 00 percent of the expend i tu res. 
SOURCE: American Petro leum I nst itute, Environmental Expenditures of the United S ta tes Petroleum Industry. 1 98 1 . 

Tab les  1 1 , 1 2 ,  1 3 ,  a nd 1 4  s umma r i ze th e var i ous a na l yse s made 
d ur i ng the s tudy for al l i nd u s try se ctors , a g a i n  ex c l ud i ng RCRA 
cos ts . The pe tro l e um i nd u s t ry a s  a who l e  wa s fore c a s t  to i n c ur a n  
a n nua l i zed cos t of  $ 1 3  b i l l i on i n  1 9 8 0  ( 1 9 7 9  d o l l a rs ) , wh i c h  w i l l  
r i se i n  1 9 9 0  to $ 1 7 b i l l ion p l u s  RCRA c os t s . For add i t i o n a l  
d e t a i l s ,  s e e  t h e  B a t te l le r epo rt . 

I n  ord e r to p u t  t h e s e  expe nd i tu r e s  a nd f o re c a s ted cos t s  i n  some 
pe rspe c t i ve , Tab l e  1 5  s hows the  e s t imated i nc reme n t a l  po l l u t i o n  
e xpe nd i tures f o r  b o t h  the pub l i c  a nd pr i v a t e  se ctors i n  the  U n i ted 
States  for the  1 9 7 9 - 1 9 8 8  per iod , as pro j e c t ed b y  t h e  Counc i l  on 
Envi ronme ntal  Qual i ty in  1 9 8 0 . 7 Dur i ng t h e  1 0  ye a rs from 1 9 7 9  t o  
1 9 8 8 , tot a l  s pe n d i ng i n  response  t o  the  f e d e r a l  e nv i ronme n t a l  
qua l i ty r eg u l a t ions i s  expe c t ed t o  to tal $ 5 1 8 . 5  b i l l i o n . 

5 1  



TABLE 1 1  

Total An nual i z ed Costs of Envi ronmental Regu l a t ions 
to the Petr o l eum I ndustry - - 1 9 7 0 - 1 99 0 *  

( Mi l l ions of 1 9 7 9  Do l la r s ) 

1 9 7 0  1 9 7 5  1 9 8 0  
A i r  

Explorat ion and Production $ 2 6  $ 88 $ 3 2 0  
Transpo r t a t io n  2 3  7 3  
Ref i n i ng 5 4 0  3 , 4 0 0  5 , 3 0 0  
D i s t r ibu t i o n  a n a  Ma r k e t i ng 2 2 0  3 1 0 
A l l  Sectors 5 6 0  3 , 7 0 0  6 ,  1 0 0  

Water 

Exploration a n d  Product ion $ 1 , 40 0  $ 2 , 40 0  $ 3 , 6 0 0  
T r a nspo r t a t i o n  3 4 2  1 2 0  
Ref i n i ng 2 9 0  1 ' 0 0 0  1 ' 9 0 0 
D i s t r ibut ion ana �lark et ing 48 1 8 0  
A l l Sectors 1 , 7 0 0  3 , 5 0 0  5 , 8 0 0  

So l i d  

Exploration and Production $ 2 3  $ 3 5  $ 4 5  

Transpo r t a t ion 
Ref i n i ng 
D i s t r ibut i o n  a n a  Ma rk et i ng 
Al l Sectors 2 3  3 5  4 5  

Other Po l l ution 

( e . g . ' Odor and No i s e )  

Exp l o r a t i o n  and Produ c t i on $ 1 9 $ 1 9  $ 1 9  

Transpo r t a t i o n  6 5  82 

Ref i n i n g  2 5 0  3 2 0  

D i s t r ibution and Ma r k et i n g  

A l l Sector s  2 2  1 3 0 4 2 0  

A l l Po l lu t i o n  

Exp l o r a t i o n  and Produ c t i on $ 1 , 4 0 0  $ 2 , 6 0 0  $ 4 , 0 0 0  

Transpo r t a t i o n  4 1 3 0  2 7 0  

Ref i ni n g  8 3 0  4 , 4 0 0  7 , 5 0 0  

D i s t r ibut ion a n d  Ma r k et i ng 2 7 0  4 9 0  

A l l  Sectors 2 , 3 0 0  7 , 4 0 0  1 2 , 0 0 0  

Una l l oc at ed 

A l l  Secto r s  $ 8 0  $ 1 6 0 $ 2 2 0  

Grand Tota l  $2 ' 4 0 0  $ 7 , 5 0 0  $ 1 3 , 0 0 0  

*Excludes RCRA c os t s . Tota l s  may not add due to rou n a i n g .  

1 9 8 5  
A n t i c ipated 

$ 6 0 0  
8 0  

5 , 9 0 0  
3 5 0  

6 , 9 0 0  

$ 4 , 9 0 0  

4 1 0  

2 '  1 0 0  
1 8 0  

7 , 6 0 0  

$ 5 4 

5 4  

$ 1 9  

82 
8 1 0  

9 1 0  

$ 5 , 6 0 0  

5 7 0  

8 , 8 0 0  

5 3 0  

1 5 , 0 0 0  

$ 2 3 0  

$ 1 6 , 0 0 0  

1 9 9 0  
A n t i c ipated 

$ 8 5 0  
1 1 0 

5 , 80 0  
3 3 0  

7 ,  1 D O  

$ 5 , 5 0 0  

4 4 0  

2 , 2 0 0 
1 8 0  

8 , 3 0 0 

$ 4 0  

4 0  

$ 1 9  

8 1  
8 3 0  

9 3 0  

$ 6 , 4 0 0  

6 3 0  
8 , 80 0  

5 0 0  

1 6 , 0 0 0  

$ 2 3 0  

$ 1 7 , 0 0 0  

SOURC E : Ba ttel l e  Co l umbus Laborato r i es , Th e Cost o f  Envi r o nment a l  Regu la t i o n s  t o  t h e  

Petrol eum I ndus t r y , Ju l y  3 1 ,  1 9 8 0 .  
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TABLE 1 2  

Cumu l a t iv e  Cap i t a l  Investment Expend i tur es on Environmental 
Regu l ations by the Petrol eum I ndus t ry - - 1 9 7 0 - 1 99 0 *  

( Mi l lions of 1 9 79 Do l la r s ) 

1 9 7 0  1 9 7 5  1 9 8 0  
Air 

Exploration and Produc t ion $ 76 $ 2 7 0  $ 82 0  
Transportation 5 2  1 6 0  
Ref ining 1 ' 8 0 0  7 , 40 0  1 1  ' 0 0 0  
D i s t r ibution and Marketing 8 0 0  1 ' 2 0 0  
A l l  Sectors 1 ' 9 0 0  8 , 5 0 0  1 3 , 0 0 0  

Wat e r  

Exploration and Product ion $ 4 , 70 0  $ 7 , 2 0 0  $ 1 1 , 0 0 0  
Transpo rtation 7 1 1  0 3 1 0 
Ref i ning 8 5 0  2 , 6 0 0  4 , 8 0 0  
D i s t r ibution and Mark e t i ng 2 1 0 5 4 0  
A l l  Sectors 5 , 6 0 0  1 0 , 0 0 0  1 6 , 0 0 0  

Solid 

Exploration and Product ion 

Transportation 
Ref i n i ng 
D i s tr ibution and Mark e t i ng 
A l l  Sectors 

Oth er Po l lution 

( e . g . ' Odor and No i s e )  

Exploration and Product i o n  $ 1 5  $ 9 0  $ 1 7 0 
Transportation 6 2 6 0  3 3 0  
Refining 1 8 0  1 ' 2 0 0  
Dist-. r  ibution and Market i ng 

A l l  Sectors 2 2  5 3 0  1 ' 6 0 0  

A l l  Pol lution 

Exploration and Production $ 4 , 8 0 0  $ 7 , 6 0 0  $ 1 2 , 0 0 0  
Transportation 1 3  42 0 7 9 0  

Re f i ning 2 , 7 0 0  1 0 , 0 0 0  1 7 , 0 0 0  
D i s t r ibut ion a n d  Ma rketi ng 1 , 0 0 0  1 , 7 0 0  

Grand Tota l  $ 7 , 5 0 0  $ 1 9 , 0 0 0  $ 3 1 , 0 0 0  

*Exc ludes RCRA c os t s . Tot a l s  may not add due to r oun di ng . 

1 9 8 5  

A n t i c ipated 

$ 1  ' 4 0 0  
1 8 0  

1 3 , 0 0 0  
1 ' 8 0 0  

1 6 , 0 0 0  

$ 1 6 , 0 0 0  
1 ' 3 0 0  
5 , 9 0 0  

5 40 
2 4 , 0 0 0  

$ 2 4 0  

3 3 0  
2 , 9 0 0  

3 , 5 0 0  

$ 1 7 , 0 0 0  
1 ' 9 0 0  

2 2 , 0 0 0  

2 , 3 0 0  

$ 4 3 , 0 0 0  

1 99 0  

A n t i c i pated 

$ 2 , 0 0 0  
2 9 0  

1 9 , 0 0 0  
2 , 0 0 0  

2 3 , 0 0 0  

$2 1 , 0 0 0  
1 , 5 0 0  

7 , 5 0 0  

5 4 0 
3 0 , 0 0 0 

$ 3 2 0  
3 3 0  

3 , 0 0 0  

3 , 7 0 0  

$ 2 3 , 0 0 0  
2 '  1 0 0  

3 0 , 0 0 0  

2 , 6 0 0  

$ 5 7 , 0 0 0  

SOURCE : Battel l e  Columbus Laborator i e s , The Cost o f  E nv i ronmenta l Regu l ations to t h e  
Petrol eum Indus t r y , Jul y  3 1 ,  1 9 8 0 . 
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TABLE 1 3  

A n nu a l  C a p i t a l  I nv e s tment on E nv i ronmen t a l  
Ex.12enditures by the Petrol eum I ndu s t r y  - - 1 9 7 0 - 1 99 0 *  

( M i l l ions of 1 9 7 9  Do l la r s ) 

1 9 7 0  1 9 7 5  1 9 8 0  
A i r  

Explorat i o n  a n d  Production $ 1 9 $ 7 8  $ 1 6 0  
Transpo r t a t i o n  3 2  

Ref i n i ng 1 , 5 0 0  6 1 0  1 , 0 0 0  
D i s t r i bu t i o n  and M a rk et i ng 3 9 0  5 2  
A l l  Sectors 1 , 5 0 0  1 , 1 0 0  1 1 2 0 0  

Water 

Exploration and Production $ 4 7 0  $ 6 1 0  $ 89 0  

Transportation 7 4 4  1 3  

Ref i n i ng 1 7 0  4 8 0  1 3 0  

D i s t r ibut i o n  a n d  Mark e t i n g  3 

A l l  Sectors 640 1 , 1 0 0  1 1 0 0 0 

So l i d  

Exploration a n d  Product i on 

Transportat ion 
Ref i n i ng 
D i s t r ibut i o n  and Mark et i ng 

A l l  Sectors 

Oth e r  Po l lu t i o n  

( e . g . , Odor and No i s e )  

Explorati o n  and Produ c t i on $ 1 5  $ 1 5  $ 1 5  

Transport a t i on 6 6 8  

Ref i n i n g  1 7 0  1 7 0 

D i s t r ibution a nd Ma r k et i ng 

A l l  Sectors 2 2  2 5 0 1 8 0  

A l l  Po l lu t i o n  

Exp l o r a t i o n  a n d  Produ c t i o n  $ 5 0 0  $ 7 0 0  $ 1 , 1 0 0 

Transportation 1 3  1 4 0 1 3  

Ref i n i n g  1 , 7 0 0  1 , 3 0 0  1 , 3 0 0  

D i s t r i bu t i o n  a n d  Ma r k e t i n g  3 9 0  52 

Gra n d  Tot a l  $ 2 , 2 0 0  $ 2 , 5 0 0  $ 2 , 5 0 0  

*Exc l udes RCRA cos t s . Tot a l s  may not add due to roun di ng .  

1 98 5  
A nt i c i pated 

$ 1 2 0  
2 6  

2 1 3 
1 5 0  
5 0 0  

$ 1 , 0 0 0  
2 0 5  
2 0 0  

1 1 4 0 0  

$ 1 5  

1 2  

2 7  

$ 1  1 1 0 0  
2 3 0  

4 3 0  
1 5 0 

$ 1 1 9 0  0 

1 99 0  
A n t i c i.eated 

$ 1 2 0 

3 9 0  
3 3  

5 5 0  

$ 1 1 0 0 0  
2 2  

4 1 0  
1 4 0 

1 1 4 0 0  

$ 1 5  

1 8  

3 3  

$ 1 , 1 0 0 

2 3  
8 2 0  

3 3  

$ 2 , 0 0 0  

S OURCE : Batt e l l e  Col umbus Laborato r i e s , The Cost o f  Envi ronmenta l Regu la t i o n s  to t h e  
Petrol eum I n du s t r y , Ju l y  3 1 ,  1 9 8 0 . 
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TABLE 1 4  

Net Opera t i ng Costs of Env i ronme ntal Regu l ations 

to th e Petrol eum I ndustry -- 1 9 7 0 - 1 99 0 *  

( Mi l l i ons of 1 9 7 9  Do l la r s ) 

1 9 7 0  1 9 7 5  1 9 8 0  

A i r  

Exploration and Product ion $ 8  $ 2 7  $ 1 4 0  

Transportation 1 1  3 8  

Ref i n i ng 1 1 0 1 , 6 0 0  2 , 8 0 0  

D i s t r ibut ion and Mark e t i ng 40 39 

A l l  Sectors 1 2 0  1 , 7 0 0  3 , 0 0 0  

Wat e r  

Exp lorat ion a n d  Production $ 3 2 0  $ 83 0  $ 1 , 2 0 0  

Transportation 1 1 8  4 7  

Ref i n i ng 93 4 0 0  7 7 0  
D i s t r ibuti on and Mark e t i ng 5 7  
Al l Sectors 4 1 0  1 ,  2 0 0  2 ,  1 0 0  

So l i d  

Exploration and Pro duct ion $ 2 3  $ 3  5 $ 4 5  
Transportation 
Ref i n i ng 

D i s tr ibut i o n  and M a r k e t i n g  
A l l  S e ctors 2 3  3 5  4 5  

Oth er Po l lution 
( e . g . , Odor and No i s e )  

Exp l o ration a nd Product ion 
Transportation 6 8 
Ref i n i ng 7 5 1  
D i s t r ibution and Ma rket i ng 
A l l  Sectors 1 3  5 9  

A l l  Po l lution 

Exploration and Production $ 3  50 $ 9 0 0 $ 1 , 4 0 0  
Transportation 3 5  9 3  
Ref i n i ng 2 0 0  2 ,  1 0 0 3 , 6 0 0  
D i s t r ibut ion a nd Ma r k e t i ng 4 0  9 7  
A l l  Secto r s  5 0 0  3 , 0 0 0  5 , 2 0 0  

Una l l ocated 

A l l  Sectors $ 8 0  $ 1 6 0 $ 2 2 0  

Grand Tota l  $ 6 3 0  $ 3 , 2 0 0  $ 5 , 4 0 0  

* E xc ludes RCRA c o s t s .  Tot a l s  may not add due to roun di n g .  

1 9 8 5  

A n t i c ipa t ed 

$ 2 8 0  

3 9  

3 ,  1 0 0  
- 5 0  

3 , 4 0 0  

$ 1 , 4 0 0  
9 3  

8 6 0  
5 7  

2 , 4 0 0  

$ 5 4 

5 4  

8 
1 3 0  

1 40 

$ 1 , 7 0 0  
1 40 

4 ,  1 0 0 
7 

6 , 0 0 0  

$ 2 3 0  

$ 6 , 2 0 0  

1 9 9 0  

A n t i c i,Eated 

$ 4 2 0 

43 

3 , 0 0 0  
- 8 1  

3 , 3 0 0  

$ 1 , 4 0 0 
9 3  

92 0 
57 

2 , 5 0 0  

$ 4 0  

4 0  

8 
1 3 5  

1 4 0 

$ 1 , 9 0 0  
1 4 0 

4 , 0 0 0  

-2 6  
6 , 0 0 0  

$ 2  3 0  

$ 6 , 2 0 0  

SOURCE : Battel l e  Co lumbus Laborato r i es , The Cost o f  Envi r o nment a l  Regu la t i o n s  t o  th e 
Petrol eum Industry , Ju l y  3 1 ,  1 9 8 0 .  
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TABLE 1 5  

E s timat ed I nc r ementa l Pol lut ion A batement Expenditures -- 1 9 79- 1 9 8 8 *  

( B i l lions o f  1 9 7 9  Do l la r s ) 

1 9 79 1 9 88 Cumu l a t ive ( 1 9 7 9 - 1 9 8 8 ) 

Operation Operation Operation 
and Annual To tal ann Annual Total and 

Mai nt e- Capital Annua l Ma i nt e- Cap i t a l  A nnua l Mai nt e- Cap i t a l  Tot a l  
Program nance Costs t Cost s n a n c e  Costs t Costs n a n c e  Costs t Costs 

Air Po l lution 
Pub l i c  $ 1 . 2 $ 0 . 3  $ 1 . 5 $ 2 . 0  $ 0 . 5  $ 2 . 5  $ 1 5 . 8  $ 3 . 7  $ 1 9 . 5 

Private 
Mobi l e  3 . 2  4 . 9  8 .  1 3 . 7  1 1 . 0 1 4 . 7  3 2 . 1  8 3 . 7  1 1 5 . 8  

Industrial 2 . 0  2 . 3  4 . 3 3 . 0  4 . 1 7 .  1 2 5 . 8  3 3 . 0  58 . 8  
E l ectric Ut i l i t i es 5 . 5  2 . 9  8 . 4  7 . 6  5 . 7  1 3 . 3  62 . 3  42 . 7  1 0 5 . 0  

Subtotal $ 1 1 . 9 $ 1 0 . 4  $22 . 3  $ 1 6 . 3  $2 1 . 3  $ 3 7 . 6  $ 1 3 6 . 0 $ 1 6 3 . 1  $2 99 . 1 

Water Po l lution 
Publ ic $ 1 . 7  $ 4 . 3  $ b . O  $ 3 . 3  $ 1 0 . 0  $ 1 3 . 3  $2 5 .  1 $ 5 9 . 2  $ 8 4 . 3 

Private 
I ndustrial 3 . 4  2 . 6 6 . 0  5 . 4  4 . 5  9 . 9  42 . 0  3 4 . 0 7 6 . 0 
E l ect r i c  Ut i l i t i es 0 . 3  0 . 4  0 . 7  0 . 3  0 . 9  1 . 2 2 . 9  6 . 5  9 . 4  

Subtotal $ 5 . 4  $ 7 . 3  $ 1 2 . 7  $ 9 . 0  $ 1 5 . 4  $2 4 . 4  $ 7 0 . 0  $9 9 . 7  $ 1 69 . 7  

So l id Waste 
Pub l i c  $ < 0 . 0 5 $ < 0 . 0 5  $ < 0 . 0 5 $ 0 . 4  $ 0 . 3  $ 0 . 7  $2 . 6  $ 2 . 0  $4 . 6  
Private < 0 . 0 5 < 0 . 0 5 < 0 . 0 5  0 . 9  0 . 7  1 . 6 6 . 4  4 . 4  1 0 . 8  

Subtotal $ < 0 . 0 5  $ < 0 . 0 5 $ <0 . 0 5 $ 1 . 3  $ 1 . 0  $2 . 3  $9 . 0  6 . 4  $ 1 5 . 4  

Toxi c  Substanc e s  $ 0 . 1 $ 0 . 2  $0 . 3  $ 0 . 5  $ 0 . 6  $ 1 . 1  $ 3 . 6  $ 4 . 6  $ 8 . 2  

D r i n k i n g  Water < 0 . 0 5  < 0 . 0 5  < 0 . 0 5 0 .  1 0 . 3  0 . 4  1 .  3 1 .  4 2 . 7  

No i s e  < 0 . 0 5 0 .  1 0 .  1 0 . 6  1 .  0 1 .  6 2 . 6  4 . 3 6 . 9  
Pestic i des 0 .  1 < 0 . 0 5 0 .  1 0 .  1 < 0 . 0 5 0 .  1 1 .  2 < 0 . 0 5 1 . 2  
Land Rec lamation 0 . 3  1 • 1 1 . 4  0 . 3  1 . 2  1 .  5 3 . 8  1 1 . 5 1 5 . 3  

Total $ 1 7 . 8  $ 1 9 . 1 $ 3 6 . 9  $ 2 8 . 2  $ 4 0 . 8  $ 69 . 0  $2 2 7 . 5  $2 9 1 . 0  $ 5 1 8 . 5  

* I n c r emental costs a r e  thos e made i n  r es po n s e  to f ederal l eg i s lation b eyond those that woul d  have been made i n  the 
abs ence of that l eg i s l ation . 

t
r nt er est a nd depr e c i at io n . 

SOURCE : Counc i l  o n  Enviro nmenta l  Qua l i ty , E nvi ronmental Qua l it y , 1 98 0 . 
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CHAPT ER TWO 

EXPLORAT I ON AN D PRODUCT I ON 

INDUSTRY OPERAT I ONS 

I NTRODUCT I ON 

Th e m a ny f a c e t s  o f  o i l  a nd gas  expl ora t io n  a nd prod u c t ion 
ope r a t ions are i nt e r r e l a t ed a nd i n te rd epende n t , f u n c t i on i ng conc u r­
rently fo r mos t  of  the l i fe of a prod uc i ng a re a ,  o r  f i e l d . The 
i nd u s try i s  compos ed of  thou sands  of  explorers  and prod uce r s , a nd 
i s  suppor t ed b y  tho u s a nd s  o f  manu fac t u r e rs , s uppl i e rs ,  a nd s e rv i c e  
contractors . The d i agram i n  F ig ure 9 i l l u s t r a t e s  i n  s impl i f i ed 
f a s h ion the f l ow o f  ac t iv i t i es from t h e  t ime ex p l o r a t ion s ta rt s ,  
through the d e ve l opme n t  o f  a c omme r c i a l  pe tro l eum d epos i t , to f i e l d  
aba ndonment a nd t h e  r e tu r n  of  the l a nd t o  i ts o r ig i nal u s e  o r  a 
new u s e . 

Explora t ion b eg i ns w i th geolog i c a l  a nd g e ophys i c a l  work a nd 
cont i nu e s  through the d r i l l i ng a nd eval ua t ion ( l og g i ng ) o f  seve ral 
we l l s , mos t of wh i ch are  nonprod u c t i ve . I t  d oe s  not s top w i th the 
c omple t io n  of  a d i scove ry we l l . Conf i rma t ion a nd e x t e ns i o n  w e l l s  
are  neces sary to de t e rmine  i f  a r e s e rvo i r  i s  o f  c omme r c i a l  q ua l i ty 
a nd s i z e . A f te r  a s u f f ic i en t  vo l ume of  prod uc ib l e  o i l  a nd/or g a s  
h a s  b e e n  found , pro d u ct ion f a c i l i t i e s  a re i ns t al l ed , d e v e l opme n t  
we l l s d r i l led , t r anspo r t a t io n  to ma rke t s  arrang ed , a nd p r od uc t ion 
is  b eg un . 

Dur i ng the prod u c t i ve l i fe of  a f i e l d , i t  i s  o f t e n  n e c e s s a ry to 
r e- e nte r wel l s  to do r ep a i rs a nd mod i f i c a t ions s uc h  as pr od u c t ion 
s t imu la t ion , control o f  prod uced wa te rs ,  a nd con trol o f  fo rma t i on 
s a nd i n tru s io n . On i n i t i al compl e t io n , or wh e n  the n a t u r a l  res e r­
vo i r  pre s s ure de c l i ne s  a s  o i l i s  e xtra c t ed and a we l l  no l on g e r  
f l ows , a rt i f ic i al l i f t  d e v i c e s , s uch a s  b e am- a nd rod - s uppo r t ed 
sub s u r face p umps or g a s  l i f t f ac i l i t i e s , a re u s u a l l y  i ns t a l l ed . 
Compre s so rs are  freque n t l y  u sed to i nc re a s e  the r a te of  prod uc t i on 
a nd e x t e nd the prod u c i ng l i fe of gas we l l s . 

Throug hout the prod u c t i ve l i fe of  a f i el d , we l l  a nd re s e rvo i r  
performance a r e  s tud i ed . Remed i al , s t imul a t io n , a nd recompl e t io n  
work i s  pe r formed a n d  f l u id or g a s  may b e  i n j e ct e d  to ma i n t a i n  
prod uc t ion . Wel ls may b e  de epe ned o r  s uppl em e n t al we l ls d r i l led . 
The r e  i s  a constant e f fo r t  to s el l or i n j e c t  al l pro d uc ed n a t u r a l  
g a s . Wa ter produced w i th the o i l  i s  sepa r a t ed , t re a ted , a nd d i s­
posed of i n  a l e g al l y  a nd e nvi ronme n t a l l y  a c c ep t ab l e  man n e r  e i th e r  
b y  i nj e ct ion i nto t h e  g round or b y  d i s c h a rg e  i nto s ur f a c e  w a t e r  
whe n  permi t t ed . 

Gas prod uced w i t h  o i l  or from g a s  wel i s may c on t a i n  e nough 
heav i e r  hyd roca rbons ( propa ne , b u tane , a nd n a t u r a l  g a so l i ne ) to 
econom i c a l l y  j u s t i f y  e x tr a c t i ng the n a t u r a l  g a s  l iq u i d s . O th e r  
prod uced g a s  may c o n t a i n  almos t al l l i g h t  hyd ro c a rb ons ( me t h ane and 
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e th a ne ) a nd i s  ma rke ted w i t hout l iqu id e x tract ion . 
tox i c  contam i n a n t s  s uc h  a s  c a rb on d i ox i d e  ( C0 2 ) a nd 
s u l f i de ( H 2 S l  a re s epa rated for d i spos a l  b e fore t h e  
proce s sed . 

Corros i ve and 
h y d rog e n  
g a s  i s  

The prod uct ive l i fe o f  many o i l  f i el ds i s  ex te nd e d  b y  wa t e r  
f lood or gas i n j e ct i on ( s e condary recove ry ) . S ome o i l  r e s e rvo i rs 
c a n  be rev ived f o r  a th i rd l i fe ( t ert i a ry r e cove ry ) b y  i n j e c t ion of 
s te am ,  C02 , or chem i c a l s  ( polyme rs , s u r fa c t a n t s ) .  

Dur i ng the e n t i re l i fe of  a f i e l d , ma i n t e n a n c e  work n e ve r  
s tops . Art i f ic i al l i f t  eq u i pme nt m u s t  b e  se rv i c ed , s ur f a c e  f a c i ­
l i t i e s  ma i n t a i ned , a nd replacemen t  prod u c t ion a nd i n j e c t i o n  we l l s  
d r i l led . As we l l s b e come un e conom i c a l  t o  p r od uc e , t h ey m u s t  b e  
plugged w i t h  c eme n t , s a l vageab le ca s i ng p u l l ed , s ur f a c e  eq u i pment 
removed , a nd the s u r f a c e  a re a  c le a ned in ac cord a n c e  w i th the terms 
of the l e a s e . 

The l e ng th of  t i me from the s ta r t  o f  expl o r a t ion un t i l  pro d u c­
t ion beg i ns may b e  from f ive to 1 0  ye a rs , wh i l e  the prod uc t ive l i fe 
can b e  2 5 to 5 0  ye a rs or l o nge r .  

Not shown i n  F ig ure 9 are  the la rge numb e r  o f  pe rmi t s  a nd 
reg ula to ry r eq ui reme n t s , wh ich ad d s ig n i f i c a n t l y  to t h e  e f fo rt , 
t ime , a nd c os t  o f  e xpl orat ion a nd prod u ct ion ope ra t i o n s . T h e s e  
r eq u i reme nts are d i scu s sed i n  the Env i ronme n t al Cons id e ra t ions 
sect ion of  th i s  chapte r . 

EXPLORAT I ON 

I .  Geolog i c a l  

Expl ora t io n  g e o log y  i s  f und ame ntal l y  n o  d i f fe re n t  ons ho r e , o f f­
shore , or i n  h a rs h  c l ima t e s . S t ud y of  e xpos ed rocks a t  the s u r face 
can tel l a g e o l og i s t  the h i s to ry o f  the a re a , s tru c t ur al t r e nd s , 
and oth e r  i n forma t ion i nd i c a t i ng whe t h e r  prope r cond i t ions  a re 
pres e nt fo r the ac cumu l a t ion of hydrocarb ons . I n  the s e a r ch fo r 
pe tro l e um ,  geo l og i s t s  u s u al l y  look for the fo l l ow i ng e s s e n t i a l  
i nf o rma t io n : the so u r c e  beds  o f  sh al e s  a nd l i me s to n e s  t h a t  
o r i g i n al l y  conta i n ed an ab undance o f  o rga n i c  rema i ns ; t h e  porous 
s a nd s to nes o r  l i me s tones  that l a t e r  be come the r es e rvo i r  b e d s  of 
m i g ra t i ng o i l  a nd g a s ; a nd the trap that s e a l s  of f th e r e s e r vo i r  
b ed s  a nd h o l d s  the hyd roca rb ons i n  pl a c e . 

On l a nd , r o ck s ampl e s  may b e  g a the red b y  h and o r  from s h al l ow 
core ho le s . Con t i nuous core d r i l l i ng i s  no l on g e r  c ommo n  b e c au s e  
of  c os t s ,  t h e  g re a t  improvements i n  geop hy s i c a l  t ec h n o l og y ,  a nd the 
increa s i ng d i f f i c u l ty in s e c ur i ng pe rm i s s ion to d r i l l  from l a nd 
s ur face owne rs . O f f sho r e , o c e a n  floor s ampl e s  a re recove r ed b y  a 
grab d e v ice l owe r e d  from a ves s e l , or from s h a l l ow cores  ob t a i ned 
b y �pe n e tr a t i ng t h e  oce an fl oor w i t h a we igh t ed t ub e  o r  b y  j e t t i ng 
act ion , wh ich c a n  pe ne trate  to ab ou t 7 5  f e e t . Core  d r i l l i ng to a 
max imum o f  3 5 0  fe e t  may b e  unde r t aken b y  s pe c i a l  pe rmi t .  
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I I .  Photog r aph i c  and Sonar S urveys 

Ae r i a l  photograph s o f  terra i n  take n a t  c o n s t a n t  a l t i t u d e s  a re 
i n t e rpre ted a nd u sed to map s ur face g e o l og y ,  t o  a id i n  p l a n n i ng 
f i e l d  vi s i ts , a nd to s e l e ct s i t e s  for d r i l l i ng a nd oth e r  s ur fa c e  
f ac i l i t i es . S a te l l i te photography , l a nd s a t  imag e ry ,  i mage e nh ance­
men t  t e chn iq ue s , a n d  s id e - l ook i ng radar h a ve a l so b e e n  u s e d  for 
s urve y i ng . 

Sona r ( re f l e c t ed s o und wave ) s urveys are  u sed t o  map the ocean 
floo r  i n  a man n e r  c ompa r ab l e  to  ons hore a e r i a l  pho tography . Sonar 
s urveys can m e a s ur e  v e rt i c a l  water depth and , wi th s id e  s c a n , 
reveal the d ime ns ions o f  s ub ma r i ne r id g e s  a nd t re n ch e s  and t h e  
s h ape of the cont i n e nt al s l ope . 

I I I .  Geophys i c a l  

I n  the s e a rch fo r o i l a nd gas , ge ophy s i c al a nd g e o l og i ca l  
s t ud i es a r e  compl eme n t a ry . Geophys i c a l  mea s ureme nt s  t ake n a t  the 
s ur f ace prov ide the m a j o r  c lues  fo r loca t i ng pot e n t i al s ub s ur f ac e  
rese rvo i rs th a t  may con t a i n  hyd rocarb on s . S e d ime n t a r y  b a s i ns a re 
f i rs t loca t ed a nd mapped b y  b road s ur ve y i ng t ech n iq ue s a nd t h e i r  
poten t i a l  for hyd rocarb on generat ion a s s e s s ed ; t h e n  s t r u c t u r a l  
t rap s wh e re o i l  o r  g a s  c ou l d  a c cumul a t e  a r e  id e n t i f i ed . 

B a s i ns may b e  s urveyed b y  a i rb orne magne tome t e rs , wh i c h  measure  
smal l var i a t i o ns i n  the e a r t h ' s  magne t i c  f i el d . Magne t ic maps a re 
u sed to map the b a s em e n t  s ur f a c e  ( und i s tu rbed i g n eou s rock ) , a l ­
though some a n oma l i e s  c a n  b e  mapped w i th i n  th e s e d i me n t a ry s e c ­
t ions . 

Grav i ty s urveys t h a t  m e a s ur e  sma l l ( up to one pa r t  pe r hund r ed 
m i l l ion ) var i a t i o ns i n  the total grav i ta t i o n a l  f i el d  o f  t h e  e a r t h  
c a n  s how t h e  ho r i z o n tal loca t ion o f  o l de r , h e av i e r ,  mo r e  d e f o rmed 
rocks with i n  a b a s i n  of l i ghte r ,  younger rocks . G r av i t y  and se i s­
mic  s urveys are  u s ua l ly c ond uc t ed a t  the s ame t ime . 

Several oth e r  h ig h l y  soph i s t ica ted geop hy s i c a l  t e c h n ique s are  
u s ed i n  b a s i n  s u rveys . E l e c t r i c a l  trans i e n t  mea s u r eme n t  o f  a re­
f l e c t ed p u l s ed e l e ct r i c  s ig n a l  ge nerated at t h e  s ur fa c e  c a n  i nd i ­
ca t e  var i a t i o ns i n  e l e c tr i c a l  r e s i s t i v i ty ,  wh i ch i s  a f fe c t ed b y  the 
prese nce of hydrocarb ons . The natural a l t e rn a t i ng c u r rent s ( te l l u­
r i c ) a nd smal l magn e t i c  f i el d  edd y  c urrents ( magne t o t e l l ur ic ) c a n  
a l so be m e a s ur ed to i nd i c a te v a r i a t ions i n  the res i s t iv i ty o f  rock 
l ayers . Magn e tot e l l ur i c  me a s ureme n t s  can be r e l a te d  to rock poro­
s i ty a nd s al t  w a t e r  d i s tr ib u t ion . 

The m a j o r  ge op hy s i c a l  t e ch n ique u sed i n  oi l a nd g a s  e x p l o ra t io n  
i s  se i sm i c  re f l e ct i o n . Re f l e ct ion s urveys a r e  u s ua l l y  made b e fore 
the f i rs t explora t i o n  w e l l  is  l oca ted a nd ad d i t ional s urveys h e l p  
ou t l i ne a f i e l d  d ur i ng d e ve l opme n t . A phys i c a l  p u l s e  o r  v ib ra t i on 
c re a t ed a t  or n e a r  the s ur f ac e  produces a wave f r o n t  of so n ic 
energy,  wh i ch t rave l s  t hrough the s ub s u r f a c e  and i s  par t i a l l y  
r e f l e cted b a ck to the s ur f a c e  e ach t ime the wave front e ncou n te rs a 
d i scont i nu i ty s u ch a s  the b oundary b e twe e n  two rock l aye r s . The 
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ref l e ct ed e ne rg y  i s  p i cked u p  a t  the s ur f a c e  b y  ve ry s e ns i t ive 
m i c rophone s  c al l ed s e i s mome te rs or geophon e s , wh i ch conve r t  th e 
sonic  e n e rg y  i n to e l e c t r i cal e ne rg y  t h a t  i s  then ampl i f i ed to 
prod uce u s ab le s i g n a l s . The s e i smograph records these s ig n a l s a s  a 
f unct ion of  e l ap sed t ime from t h e  i ns t ant the p u l s e  w a s  c r e a t ed . 
I n terpr e t a t i on of  the son i c  wave t rave l t i me from t h e  s u r f ac e  to 
one or mo re ref l e ct i ng d i sc o nt i nu i t ies a nd b a c k  to the s ur fa c e  a t  
many locat ions furn i sh e s  d a t a  for s ub s u rf a c e  con t o u r  maps . The s e  
maps a nd s uppo r t i ng ge o l og i c a l  d a t a  l e ad t o  id e n t i f ic a t io n  o f  the 
mos t l i ke l y  locat i o ns fo r hydrocarb o n  a c cumu l a t ion . 

The phys i c a l  pu l s e  a t  the s urface for s e i sm i c  re f le c t i o n  h a s  
t rad i t ional l y  b e e n  c re a ted b y  f i r i ng a sma l l expl os ive ch a rg e  i n  a 
s h al l ow b orehole ( 5 0 to 2 0 0  fee t d e ep ) . Ab o u t  one-h a l f o f  l and 
c rews use th i s  me t ho d . No explos ive ch a rg e s  a re u sed o f f s ho re . 
Mode r n  t e chno l og y  h a s  d e ve l oped oth e r  s e i sm i c  s o u r c e s  th a t  a re 
e i the r mo r e  econom i c a l  o r  h ave t ech n ic a l  ad va n t ag e s : c ompr e s se d  
a i r  ch a rge s , wh i ch a r e  u s ed a lmos t exc l u s i ve l y  i n  ma r i n e  s e i sm i c  
s urveys ; v ib r a to ry sou r c e s , wh ich , b e ca u s e  o f  e conom i c s , e nv i ron­
me n tal cons i de ra t ions , a nd te chn i c al ad van tage s ,  are  t h e  f a s t e s t  
g rowi ng explos i v e s  r ep l ac eme nts o n  land ; a nd a v a r i e ty o f  o the r 
sourc e s , s u ch a s  we i g h t  d r op a nd gas  explod e r s , th a t  are  u s ed for 
spe c i al appl i c a t ions . Compr e s sed a i r  ch a rg e s  d i sc h a rg e d  t h r ough 
ho l e s  d r i l led t hrough f l oa t i ng ice are s uc ce s s f u l l y  u s ed in the 
Arct ic .  The Beau fo rt Sea area ad j a c e n t  to the c oa s t  a nd of f s ho re 
to the v i c i n i ty o f  the i c e  pre s s ure r id g e  ( ab ou t  3 0 - foot wa te r 
d ep th ) has b e e n  s urveyed w i th pr e c i se r e s ul t s , u s i ng l a nd c r ew 
eq u ipme n t  ( v ib r a tor son i c  source ) on the i c e  wh e n  the th i ckne s s  was 
4 8  i nch e s  or mor e . 

The e ne rg y  p u l s e  r e l e ased b y  a se i sm i c  ge n e ra to r  i s  ve ry weak 
a nd the e n e rg y  re c e i ved b ack a t  th e s ur fa c e  i s  even weake r . I t  i s  
d i f f i c ul t  to recog n i z e  the s e  re f le ct ion s ig n a l s  i n  the b a ckground 
of  se i sm i c  no i se . Mode rn i n t e rpre t a t ion me thods i nc l ud e : 

• D ig i t a l  record i ng o f  data 

• C omputer proc e s s i n g  to e x tr a c t  s i gn a l  from no i se 

• Corre c t ions for e a rth- i nd uced e rr o rs 

• E x tr a c t ion from the s ig n a l  o f  mea n i ng f ul i n fo rma t i on a nd , i n  
the b e s t o f  c i r c ums t ances , s ig n i f ic a n t  i nf o rma t io n  ab ou t the 
hydroca rb on content o f  the re s e r vo i r  rock s . 

IV . Geoche m i c a l  

Geo ch em i s t ry , t h e  s c i e nc e  d e al i ng wi th t h e  chem i c al c ompos i t ion 
of  and chem i c al ch a ng e s  i n  the e arth ' s  c ru s t ,  make s a contr ib u t ion 
to  pe tro l eum explorat ion through the  fol l owi ng t e ch n iques : 

• H e l i um i s  a m i n o r  cons t i tuent o f  n a t u r a l  g a s . B e c a u s e  o f  
i t s smal l a tom i c  we i g h t ,  i t  c a n  p a s s  upw a rd t h rough sed i ­
men tary r o c k  a nd m a y  b e  mea s ur ab l e  i n  s u rf ac e  so i l  ab ove 
hyd roca rb o n  depos i t s . 
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• Sed i me nt a ry b a s i n s  m u s t  b e  s ub j e c t ed to h e a t a nd p r e s s ur e  
d ur i ng ge o l og i c a l  t ime to gene rate hyd roca rb ons from b ur i ed 
o rg a n ic ma t e r i al . E x am i na t ion of the rocks c a n  i nd i c a te the 
degre e  o f  ma t u r i ty a s  a hyd rocarb on sourc e . 

• Th e pre sence o f  m i nute amoun t s  of  hyd rocarb ons i n  format i on 
wa te rs c a n  le ad to p r ed i c t ions as to n e a rb y  hyd roca rb o n  
occ urrenc e s . 

• Th e s pe c i f ic c ompos i t ion of  the o rga n i c  c ompounds t h a t  corn­
pr i se a c rude pe troleum prov i d e s  c l ue s  to i t s o r i g i n  a nd 
m i gr a t ion h i s tory . 

• E xami nat ion o f  rock s b y  scanni ng e le c tro n m i c roscope s ,  b y  
lumi nesce nce wh e n  h e a ted , a nd b y  spe ct ro ch em i c a l  analys i s  
for e l e me n t a l  c ompos i t ion , i nc l ud i ng the pre s e nce o f  h e avy 
metal s ,  c a n  a id in  id e n t i fy i ng t h e  ma t r i x  a nd t h e  so u r c e  of 
depos i t s  w i t h i n  the pore space . 

V .  Cont i ne n t a l  O f fshore S tra t i g raph i c  Te s t  We l l s  

A Con t i ne n t a l  O f f s hore S tra t i g raph i c  Tes t ( COST ) we l l  i s  a n  im­
po rtant so urce of  i nf o rm a t io n  for expl ora t io n  in u . s .  O u t e r  Con­
t i ne n t al S h e l f  ( OC S ) fro n t i e r  areas . The u . s .  Geo l og i c a l  S urvey 
( USGS ) can au thor i z e  the d r i l l i ng of  a we l l  b y  a g r oup of c ompa n i es 
to ob t a i n  geol og i c al i n format ion . Al l cor i ng a nd l og g i ng i n forma­
t ion b e comes propr i e ta ry to the part ic ipa t i ng c ompa n i es , b u t  i s  
sha red w i th the USGS i n  co n f i dence un t i l a f t e r  the l e a s e  s a l e  o f  
the area o f  i nt e re s t . 

COST wel l s  are  l oca t ed of f- s tructure to avo id hydrocarbon ac­
c umu la t ions a nd to ob ta i n  max imum s t ra t i gr aph i c  i n fo rma t ion . The 
s ame USGS-OCS ru l e s  app l y  to s e cur i ng pe rm i t s  a nd to d r i l l i ng ,  
cas i ng , a nd aba nd o nme n t  for a COS T  wel l  a s  apply to a r e g u l a r  
exploration we l l .  Al l COS T  w e l l s  mu s t  b e  pl ugged a nd ab a nd oned 
whe n  l ogg i ng i s  c omp l e t ed . COS T  wel l s  h ave b e e n  d r i l l ed i n  t h e  
Atl a n t ic Georg e s  B a nk s , Pa c i f ic of f s ho r e , Be r i ng a nd Beau fo rt S e a s  
o f f s hore Ala ska , B a l t i mo re C a nyon , and G u l f o f  Me x i c o . 

DRI L L I NG AN D COMP LET I ON 

I .  Dr i l l i ng R i g s  a nd Dr i l l i ng Ope ra t ions 

A rot a ry d r i l l i ng r i g  i s  a portab le appa r a t u s  d e s igned to d r i l l 
a hole i n to a ge o l og i c a l  format i on and to wa l l  the ho l e  w i th s t e e l  
p ipe ( ca s i ng ) a nd c em e n t , w i th the ob j e c t ive of  expl o r i ng f o r  and 
develop i ng o i l  a nd gas f i e l d s . Po rtab i l i ty l im i t s  r ig de s ig n  
we ig h t  and s i z e . E xcept fo r some spe c i al i z ed i tems s uch a s  f a i l ­
s a fe pre s s ure con tro l sys t ems a n d  the ma r i ne r i se r , t h e  s ame k i n d  
o f  r ig i s  used ons ho r e  a nd of f sho re . T h e  r ig s uppo r t  may b e  d ry 
land , a n  i n la nd s ub me rs ib le b a rge , an a r t i f i c i al i s l a nd , a f i xed 
s tructu r e , o r  a mob i l e o f f s ho r e  un i t .  O f f sho re expl o r a t i o n  d r i l l­
i ng i s  us ual l y  d one b y  mob i le u n i t s . Mos t o f f s hore d e v e l opme n t  
d r i l l i ng i s  d one b y  c o ntrol led d i rect ional d r i l l i ng f r om a f ixed , 
b ot tom- founded p la t fo rm .  
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The three ma i n  f un ct ions of al l rotary d r i l l i ng r ig s  a re pe r­
formed b y  the  ho i s t i ng ,  c i r c u l a t i ng ,  a nd rot a t i ng sys t em s , b ac ked 
up b y  the pre s s ure con trol eq u i pme n t . F ig ure 1 0  s hows the ma j or 
compo n e n t s  o f  the rot a ry d r i l l i ng r i g ; e ach c ompo n e n t  i s  numb e red 
to corre spond w i t h  the d i s cuss ion b el ow . 

A .  H o i s t i ng Sys tem 

Th e mas t  or derr i ck ( 1 8 )  supports  the hook ( 9 )  by mea n s  o f  the 
t r ave l i ng b lock ( 1 0 ) ,  wi r e  l i ne ( 1 1 ) , c r own b lock ( 1 2 ) ,  a nd d r aw­
works ( 1 4 ) . Th e s e  c omponents a re t i e d  toge the r and s uppo r t ed b y  a 
ma s s ive s teel s ub s tructure  ( 1 9 ) .  Th e d r awwo rk s a re powe r ed b y  
pr ime move rs ( 1 5 ) , u s u a l l y  two to four e ng i n e s . Mos t  i n l and r ig 
e ng i nes are  d i es e l  mech a n ic a l  o r  e l e c t r i c a l , a nd some are  g a s . 
D i e s e l-powe r ed e l e c t r ic d r i ves are common o f f s hore ; s te a m  r i g s  a re 
n e a rly ob s o le te . 

Dur i ng the d r i l l i ng ope rat ion i t  i s  n e c e s s a ry to p u l l  a nd rerun 
t he d r i l l  p i pe ( 4 ) ,  to chang e  b i ts ( 1 ) ,  to run c a s i ng , and , i f  the 
we l l  is  s uc c e s s f u l , to r un t ub ing . To per form t he s e  f unc t ions , 
e l ev a tors are  s uspended from the hook and are l at c h ed a round the 
pi pe b e l ow a coupl i ng or d r i l l  p i pe tool j o in t  so t h a t  the pipe­
s tr i ng may b e  ho i s ted . 

B .  C i rc u l a t i ng Sys tem 

Dr i l l i ng- f l u id ma te r i a l s  ( mud s ) a r e  m i xed through t h e  mud­
m i x i ng hoppe r i nto the mud t anks ( 1 7 ) .  F r om t h e s e  t a nk s  the mud i s  
pumped down the  d r i l l  p i pe ( 4 )  v i a  the s w i v e l  ( 8 )  a nd ke l ly ( 6 ) . 
Th i s  mud ex i t s the d r i l l p ipe through the d r i l l i ng b i t  a nd r e turns 
to the  su rface t hrough the  a n n u l u s  ( s pace b e twe e n  t h e  we l l  b or e  
wa l l  and t he d r i l l p i pe ) . As t h e  m ud t r ave l s  up the a n nu l u s , i t  
carr i e s  the  d r i l l  c u t t i ng s  i n  su spe ns ion to th e mud re t urn l i ne . 
The mud i s  then pas sed t hrough the so l i d s  control  eq u i pme n t  ( s hale  
shake r scre e ns , hydroc l on e s , e tc . )  to  r emove the c u t t i ng s  and i s  
re turned t o  the mud t a nks for re ci rcula t io n . F ig ur e  1 1  s hows a 
f l ow d i agram d ep i ct i ng the route d r i l l i ng mud t rave l s  d ur i ng the  
d ri l l i ng of a we l l . 

Some of  the f un c t ions pe rformed b y  d r i l l i ng mud s a re a s  
fol l ows : 

• Remove d r i l l e d  so l i d s  ( c ut t i ng s ) from the  b ot tom of the 
ho le a nd ca rry them t o  the s ur f a c e  whe re they a re r emoved 

• Lub r i c a t e  and coo l the d r i l l b i t a nd s tr i ng 

• Depos i t  a sem i- impe rme ab le wal l cake o n  the we l l  b or e  wal l 
to s e a l  pe rme ab le forma t i ons a nd preve n t  the  l o s s  o f  d r i l l ­
i ng mud i nto the fo rma t ion 

• Control downho le pre s s ur e s  by ma i n t a i n i ng a f l u id c o l u mn 
pre s s ur e  gre a t e r  than d r i l l e d  forma t i on pre s s ure 

• Su spe nd d r i l l  c u t t i ng s  in the f l u i d whe n  c i rc u la t i on i s  
i n t e rrupted 
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1 8 .  Mast or Derr ick 

1 3. Rotary 

1 5 . 

1 7 . 

ROTARY-RIG SYSTEM COMPONENTS 
Hoist ing System . . .  9 .  1 0 , 1 1 ,  1 2 , 14, 1 5 , 1 8, 19 
Circulat ing System . 2, 3 , 4, 5 , 6 , 7 ,  8 ,  1 5 ,  1 6 ,  1 7  
Rotati ng  System . . . 1 ,  2 ,  3 ,  4 ,  5 ,  6 ,  8 ,  1 3 ,  1 5  
Pressure Control 

System . . 20 

1 2. Crown Block 

1 1 .  W i re L ine  

1 0. Trave l i n g  B l oc k  
9 .  Hook 
8. Swive l  
7 .  Rotary Hose and Sta n d p i pe 
6. Kel ly 

B lowout P reventer ( BO P) Stack 
1 9 . Su bstructure 

6. Ke l ly  

5 .  Kel ly  Saver Sub 

4 .  D r i l l  P i pe 

3 . Dri l l  Co l lars 

2.  Bit  Sub  

1 . Bi t  

F ig u re 1 0. Systems and Com ponents of  a Rotary D ri l l i ng R i g .  
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F igure 1 1 .  Ro ute of  D ri l l i n g  Muds. 

SOURCE: Moseley, H .R . ,  J r. ,  Chemical Components, Functions, and Uses of Drilling Fluids, paper presented at U n ited Nations 
Environmental P rogramme Env i ronmental Consu ltative Comm ittee on the Petro leum I nd ustry, Paris, F rance, J une 1 98 1 . 
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• S u pport pa r t  of  the we ig h t  of  the d r i l l b i t  a nd s tr i ng 

• T r a ns m i t  hyd rau l i c hors epowe r to the b i t .  

To ac compl i s h  the se m a ny f un ct ions unde r  ex treme v a r i a t ions i n  
forma t io n  pres s ur e , t empe ra t ure , a nd fo rma t ion i n t e g r i t y r eq u i re s  
d r i l l i ng mud prog r am s  d e s igned f o r  local cond i t ions a nd c los e 
s u r ve i l lance b y  tra i n ed pe rsonn e l . To pro d u c e  the d e s i r ed mud s , 
wh ich may v a ry i n  we ig h t  from 9 to 1 8  pound s pe r g a l lon , t h e  mos t 
common ma te r i a l s  ad ded to the natur a l  d r i l l i ng f l u id gene ra t ed b y  
d r i l l i ng w i t h wa t e r  a re : 

• A t t ap u l g i t e c lay to b u i l d  u p  f l u i d  vo l u me 

• B a r i te ( a b a r i um s u l f a te ) to ad d we ig h t  

• Be nton i t e ( sod i um mon tmo r i l lon i t e ) to ad d v i sc os i ty ,  o r  
t h i cken 

• L i gnos u l fonat e s  ( pape r m i l l  b y- prod u c t ) to l owe r 
v i scos i ty ,  o r  th i n  

• S t a rch , c a l c i u m  c h l o r id e , soda as h ,  a nd cau s t ic soda to 
con tro l f l u id l os s  i n to pe rme ab l e  format ions  

• F ib rous a nd granu l a r  i ne r t  ma te r i a l  to p l ug e x tr eme l y  
po rou s o r  f r a c t u r ed f o rmat ions 

• B ac t e r i c i d e  to p r ev e n t  d e teriora t io n  of s t ar ch m u d s  

• I nh ib i to rs to m i n im i z e  corros ion i n  de ep , h ig h- t empe r a ture 
wel l s . 

Fresh wa ter i s  t h e  u s ual  l iq u i d  u s e d  for d r i l l i n g  s h a l l ow 
we l l s .  De epe r w e l l s , wh ich pe n e tr a t e  h ig h- pr e s s ur e  a nd h ig h­
tempe r a t ure forma t ions , may r eq u i re c omp l ex , h i g h - d e ns i ty d r i l l i ng 
f l u i d s  wi th a l iq u id t h a t  may b e  s a l t  wa te r ,  o i l  emu l s ion , o r  o i l . 
Oth e r  s pe c i a l we l l s  may u se a i r  o r  foam a s  the c i r c u l a t i ng me d i um .  

S u rp l u s  a nd con t am i n a t ed mud a re pumped i n to a n  e a r th e n  r e s e rve 
p i t  or s teel tank for l a t e r  d i spo s al a s  d e s c r ib ed i n  the Env i ron­
me n t a l  Cons iderat ions s e c t ion of  th i s  chapte r . 

C .  Ro t a t ing Sys tem 

Th e rot a ry , powe r ed by pr i me move r s , rotates  th e ke l ly through 
the k e l ly d r i ve b u s h i ng ,  wh ich res ts in a squa re r e c e s s  in the 
rotar y . The  kel l y , a f l a t- s ided , us u a l l y  h e x agon a l  hol l ow forg i ng ,  
4 0  to 4 5  f e e t  l ong , i s  s u spe nd ed b y  the sw i ve l  a nd h o i s t i ng 
mach i n e ry d u r i ng d r i l l i ng ope rat ions . I t  i s  free  to move v e r t i­
c al ly through the ke l ly d r ive b u sh i ng a nd s e rv e s  to s u spe nd a nd 
rota t e  the d r i l l p i pe . Whe n  d r i l l i ng or c i r cu l a t i ng ope r a t i ons are 
s u spe nded f o r  the b i t  to b e  p u l led or ca s i ng run , the sw i ve l , 
kel l y , and kel l y  d r i ve b us h i ng are r emoved . A d ev i c e  c a l l e d  s l ip s  
i s  placed i n  the rot a ry r e c e s s  a round t h e  d r i l l p ipe to s u spe nd i t ,  
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when not b e i ng l i f t ed b y  the e l e va tors , wh i le runn i ng i n  o r  pu l l i ng 
out of the ho le . 

Dr i l l p ipe i s  the s teel t ub e  used to trans m i t rot a t i ng f o rce 
from the rotary , l o ca t ed o n  the derr ick floor , to the d r i l l  b i t on 
the b ot tom o f  the ho l e . The rot a t i ng f o r ce a nd we ig h t  of the d r i l l 
col l a rs b elow the d r i l l p i pe prov ide d i re c t ional  control a nd 
cut t i ng powe r to the b i t .  Whe n  pul led f r om t h e  ho le , t h e  d r i l l 
pipe res t s  on the d e r r i ck f l oor i n  s t a nd s , wh i ch are  u s u a l l y  three 
3 0- foot j o i n t s  connected b y  c o a rs e  thread ed coupl i ng s  o f  h ig h  
s treng th , ab ras i on-res i s ta n t  s te e l , c al l ed tool j o i n t s . Throug hout 
the d r il l i ng ope ra t ion , d r i l l i ng f l u id i s  p umped d own through the 
d r i l l  p ipe a nd b ack u p  the a n n u l a r  space to the s u r face . 

D .  P r e s s u re Con trol Sys tem 

Pres s ure control eq u ipme n t  s e a l s  a d r i l l i ng wel l  at the s ur f ace 
of  the ho le b e l ow t h e  d e r r i c k  f l oor , to preve n t  unwa n t ed f l ow from 
th e wel l , e i th e r  t h rough the annulus  a round the d r i l l  p i pe o r  wh i l e  
the d r il l p i pe i s  ou t o f  the ho le . 

The bl owou t preve n te r ( BO P )  s tack ( 2 0 )  a t tached to the c a s ing 
h ead at the top of the we l l  cons i s t s of c omb i n a t ions  of a n n u l ar and 
ram-type BO Ps , a c t i va ted by h yd ra u l i c  contro l s  l oc a te d  a t  a s a f e 
d i s tance from the we l l  bore . F i g u re 1 2  i s  a s c h em a t i c  d raw i ng o f  a 
conve n t ional BOP s t a ck i n s t a l l ed on a l an d - o r  bo t tom-fo u nd ed of f ­
shore p l a t fo rm cas i ng h e ad . 

BOPs a r e  made i n  pr e s s ure ra t i ng s  c ompa t ib l e wi t h  we l lh e ad 
pre s s ur e  and d r i l l i ng req u i reme nts i n  a w i d e  r a ng e  of  s i z e s . The 
annular BOP , u s ua l l y  l o c a t ed on top of the BOP s t ack , c l o s e s  
c i rcumfe rent i al l y . I t  c a n  s e al a round a ny s i z e  p ipe t h a t  c a n  go 
through i t ,  a round the h e xago n a l  kel l y , o r  to a l im i ted e x t e n t  
c l os e the ope n  ho le .  Ram- type BOP s  s e al a round t h e  p ipe b y  r ad i al 
moveme n t  of  pr e fo rmed h a l f- c i rc le r ubbe r b l o cks emb ed d ed i n  two 
s teel ram s  or p l ung e rs moun ted i n  the BOP b od y  o n  oppo s i t e s id e s  of  
the ho l e . Th e r ams mu s t  be s i z ed to f i t  the d r i l l  p i pe b e i ng u s ed . 
B l a nk r ams are f i t t ed w i th s tr a ig h t  pa r al l e l  rub b e r  b locks fo r u s e  
whe n  t h e  d r i l l  p i pe i s  o u t  o f  t h e  ho le . S pe c i al d e s i g ns f o r  ocean 
fl oor i ns tal la t io n  a re n e c e s s a ry for  f l oa t i ng p l a t fo rm r ig s . 

As a sa fe ty d e v i c e  to preve n t  b a c k f l ow through the d r i l l p ipe 
wh i le d r i l l i ng ,  a ke l l y v a l ve is i ns t al l ed o n  a l l d r i l l i ng r i g s  at 
the top of the ke l ly ,  i mmed i a te l y  b e l ow the sw i ve l , wh e r e  it can be 
c l os ed in a n  eme rge n c y . A b a ck pre s s ur e  v a l ve eq u i pped wi th too l 
j o i n t thread s i s  kep t  o n  the de r r i c k  f l oo r  dur i ng d r i l l i ng ope ra­
t i ons so tha t  i t  can b e  sc rewed i n to the d r i l l  p i pe i f  t h e  we l l  
s tarts to b a c k f l ow wh i l e  the k e l ly i s  d i sconnected . Some r i g s  al so 
use a d rop val ve that can be pumped d own the d r i l l  p i pe to s h u t  o f f  
f l ow a t  the b ot tom . 

Hydr au l i c  f l u id f o r  ope n i ng a nd c los i ng BOP s  i s  s to red i n  a 
pre s s ure a c cumu l a to r  located a s a fe d i s t a n c e  from the r i g  f l oo r . 
H i gh-pre s s ur e  l i nes  c a rry the hyd r au l i c  f l u i d  f rom t h e  a c c u mu l a to r  
to t h e  B OP s t ac k , a nd whe n  con trol val ve s  o n  t h e  r i g f l o o r  a r e  
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TO SHALE SHAKER 
AND MUD TANK 

BELL NIPPLE 

COUPLING SLEEVE 

F LOW LINE 

F ILL UP L INE 

CHOKE 
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HALF UNION TO F IT  

K ILL  L INE 
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1 

TAPPED BULL PLUG /'- _ _  ..J AND NEEDLE VALVE 

CASING HEAD 

Fi g u re 1 2 . Convent ional  B lowout Preventer Assem b ly .  

a ctua ted b y  the  d r i l le r ,  t he f l u id ope rates  the BOPs . The 
hyd r au l i c  f l u id is und e r  pre s s ures r a ng i ng from 1 , 5 0 0  t o  3 , 0 0 0  
po und s pe r squa re i nch ( p s i ) . 

E .  C a s i ng a nd Ceme n t i ng 

Al l we l l s a re cased w i th s teel p i pe d ur i ng d r i l l i ng a nd c ompl e­
t ion . F ig ure 1 3  s hows the cas i ng s t r i ngs i ns t al l ed i n  a typ i c a l  
d e ep we l l , onshore o r  o f f s ho re , e x plorato ry o r  deve l opme n tal . E x ­
cep t  for the f i rs t  s tr i ng s e t  o f f s hore , wh i ch i s  d r i ve n  i n to the  
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FRESH WATE R  
SAN D  

���� A B N O R MA L  PRESSURE �5§;§? AND/OR POROUS ZONE 

O I L-GAS Z O N E  

F ig ure 1 3 . Cas i ng Stri ngs .  

ocean f l oor , ca s i ng i s  l owe red i n to the d r i l led h o l e  a nd c eme n t ed 
i n  p l ace b y  pump i ng ceme n t  d own the p i pe a nd b a ck u p  t h e  a n nu l a r  
s pac e . 

Dr ive p i pe us ed of f sho re ( not shown i n  F ig ur e  1 3 ) i s  typ i c a l ly 
26 i n ches  in d i ame t e r  a nd i s  d r i ven to 1 0 0  fee t b e l ow the o c e a n  
f l oor to s upport t h e  a n nu l a r  BOP a nd t h e  d i ve r t e r  h e ad a t  t h e  s ur­
face , wh i c h  d i r e c t s  d r i l l i ng f l u id to mud t a nks wh i l e  d r i l l i ng for 
cond uctor cas i ng . 
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T h e  cond uc t o r  ca s i ng ,  u s ua l ly 2 0  i nch e s  i n  d i ame te r , i s  s e t  a t  
d epths o f  5 0 0  t o  1 , 0 0 0  f e e t  i n  o f f s hore ope r a t ion a nd i s  c eme n ted 
to the s ur fa c e . It s uppo r t s  the a n nu l a r  BOP a nd d i ve r t e r  h e ad 
wh i l e  d r i l l i ng the s u r f ac e  ca s i ng ho l e . Con d u c to r  c a s i ng i s  n o t  
neces s a ry i n  de ve l opme n t  we l l  d r i l l i ng wh e r e  i t  i s  known th a t  s ur­
face forma t i o ns are c ompe te n t  a nd the re are no s h al l ow gas zone s . 

S u rface cas i ng i s  s e t  t hrough fresh wat e r zones  to pr e ve n t  
the i r  contam i na t io n  a nd t o  conta i n  po t e n t i al f l u id f l ow f r om h ig h­
pres s u r e  zones pe ne trated b e l ow the s ur f ace c a s i ng . I t  i s  u s u al l y  
1 3- 3 / 8  i n ch e s  i n  d i ame t e r  of f sho re and i n  de ep o r  e x p l o r a to ry we l ls 
onshore ; i t  i s  s e t  a t  d epth s of  1 , 5 0 0  to 4 , 5 0 0  fee t ,  d e pe nd i ng upon 
fo rma t io n  cond i t ions , a nd i s  c emented to the s ur fa c e . S u r f ac e  
cas i ng fo r s h a l l ow to mode r a t e l y  de e p  d ev e l opme n t  w e l l s  ( 8 , 0 0 0  t o  
1 0 , 0 0 0  f e e t )  i s  u s ua l ly 9 - 5 / 8  o r  1 0 - 3 / 4  i nch e s  i n  d i ame te r .  

Inte rmed i a t e  c a s i ng i s  se t when abnorma l pre s s ur e  ( s ig n i f i ­
c antly above 0 . 5  pound s pe r foot of  d epth ) i s  a n t i c ipated . In ter­
med iate  c a s i n g , u s u a l l y  8 - 5/ 8 ,  9 - 5/ 8 ,  o r  1 0- 3/ 4  i nche s i n  d i ame te r , 
i s  ceme nted up through a n  impe rme able zone above the abnorma l 
pre s s ure zon e . The p urpo s e  i s  to pre vent the h e a vy d r i l l i ng f l u id 
tha t is  req u i red to control abnorma l pre s s ur e  f rom e n te r i ng 
sha l l ow , l ow-pre ss ure p e rme ab l e  zone s . 

Prod u c t ion cas i ng i s  s e t  through o i l  a nd ga s  z o n e s  t h a t  a r e  to 
b e  comple ted f o r  prod uc t ion , a nd ceme nted up i n to an impe rme ab l e  
zone . Al l potent i al l y  prod u c t i ve z on e s  are  cove red w i th c eme n t . 
P rod uct ion ca s i ng i s  u s ua l l y 4- 1/2 to 7 i nch e s  i n  d i ame t e r . 

F .  Emi s s ions and E f f l ue n t s  

Ge n e ral l y ,  t h e  o n l y  a i r em i s s ions d ur i ng normal d r i l l i ng 
ope r a t ions a r e  e x h au s t s  from i n t e rnal  comb u s t i on e ng i ne s ,  c rew 
quarters water  h e a t e rs , a nd s pa c e  h e a t e rs . D i e s e l  f ue l  i s  u se d  
almos t un i ve rs al l y .  Duri ng the rare d r i l l  s t e m  tes t i ng o f  a we l l , 
ve ry smal l vo l ume s o f  n a tu r a l  g a s  may b e  em i t ted unb u r ned . 

Di sch a rg e s  req u i r i ng d i spo s a l  d ur i ng norma l  d r i l l i ng ope r a t ions 
onshore a nd o f f s ho r e  are : 

• E x c e s s  d r i l l i ng f l u id ge nerated b y  the ad d i t ion o f  wa te r , 
ch emica l s , a nd s o l i d s  to ma i nta i n  nec e s s a ry phys i c a l  p r op e r­
t i e s . 

• D r i l l  c ut t i ng s  excavated d u r i n g  ho l e  maki ng . 

• Degr adab l e  k i t che n g arb age . 

• Domes t i c  g r aywa t e r  wastes  ( s howe r s , l avator i e s ,  k i t c h e n  
s i nk ,  laund ry ) . 

• S a n i t ary wa s te s  ( to i l e t s , u r i nal s ) . 

• Wa s t e  o i l  and pe troleum prod u c t s  ( he l d  f o r  d i s po s a l  a t  
was te o i l  s i t e s  o n s hore ) .  
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• Other so l id wastes s u ch a s  w i re l i ne s ,  j unke d  p i pe and 
eq u ipme n t , c a ns , g la s s , wood , pape r ,  p l a s t i c , r ub b e r ,  a nd 
rope ( h e l d  for d i s pos al a t  prope r so l i d wa s t e  d i s po s a l  
s i te s ) . 

On of f s ho r e  d r i l l i ng p l a t fo rms , the re are d i sc h a rg e s  o f  se a­
wate r u s ed to cool va r i ous i n ternal comb u s t io n  e n g i nes  and h e a t  
exch a ng e rs that a re r e tur ned t o  t h e  s e a  w i t ho u t  ad d i t iv e s  othe r 
than he a t . 

I nd u s try pr a c t i c e s  and r eg u l a tory r eq u i reme n t s  fo r the pre­
ve n t io n  of po l lu t ion b y  the ab ove em i s s ions a nd e f f l ue n t s  a r e  
d i scu s s ed i n  t h e  E nv i ronme n t a l  Cons ide ra t i ons s e c t ion o f  th i s  
chapte r .  

I I .  Onshore D r i l l i ng 

Ons ho re d r i l l i ng i s  normal l y  done f r om s i ng l e loca t ions , wi th 
the ho le d r i l l ed a s  n e a r l y  ve rt i c a l  a s  fe a s ib l e . E x c ep t i ons a r e  
e nv i ronme ntal l y  s e ns i t ive a reas s uch as t h e  Ala ska n No rth S l ope , 
u rban a r e a s  s u ch a s  Los Ange l e s , a nd coa s t al l o c a t io n s  s u ch a s  
south e r n  Cal i fo r n i a . I n  s uch c i rcums tance s , we l l  d r i l l i ng s i te s  
are c l osely s pa c ed a t  a n  acc ept ab l e  s pot and wel l s  m a y  b e  d r i l l ed 
by c o ntrol led d i rect ional t e ch n iq ue s  to remo t e  re s e rv o i rs , wh i c h  
may b e  b ot tomed s e ve r a l  thou s a nd fee t hor i zo n t al l y  f r o m  the s ur face 
l oca t ions . 

I n  rural a nd le s s  sens i t ive a reas , d r i l l i ng r ig s  a r e  la id ou t 
i n  a s  compact a n  ar ray a s  pos s ib le .  A d e ep e xplora tory r i g  
req u i res ab ou t 1 . 5  a c res . I f  a re s e rve p i t fo r ex c e s s  d r i l l i ng 
f l u id i s  u s ed , a s  i s  normal , i t  w i l l oc cupy anot h e r  1 . 5  a c re s , for 
a tot a l  of  ab out three ac res . Th e ave r ag e  ex p l o r a to ry d r i l l i ng r ig 
occup i e s  ab out two acres , and  the ave rage d e ve l opme n t  d r i l l i ng r i g 
ab ou t one ac r e . A pe rmanent c le a r i ng o f  ab ou t one- t h i rd o f  a n  ac re 
is n e e d ed a ro und a d e ep prod u c i ng wel l  to accommodate  a we l l  s e r­
vi c i ng r ig . 

Land r ig s  are  moved b y  h e avy t rucks , r ig ge d  u p  b y  mob i l e 
crane s , a nd con t i nuou sly se rved b y  whe e l ed veh i c l e s  r eq u i r i ng 
adeq ua te road s .  Road r i g h t-of-way to a d r i l l s i t e  g e n e ral l y  va r i es 
from 2 0  to 3 0  fe e t  w ide o r  ab ou t 3 acres pe r m i l e . I f  a n  e xplora­
tory we l l  is d ry ,  t he roadway may b e  l e f t  i ntact o r  r e s to red , i n  
accorda n c e  w i th agreeme n t  wi th the l a nd owne r .  Swamp l o c a t ions  re­
q ui re spe c i al dredge a nd f i l l  p e rm i t s fo r b u i l d i ng a c c e s s  road ways . 

I I I .  O f f s hore D r i l l i ng 

A .  E xplora t i on Dr i l l i ng 

Almo s t  al l expl o r a t io n  d r i l l i ng of f sho r e  i s  d one w i th mob i l e  
un i t s . The type o f  mob i le r i g u s ed i s  u s u al l y  d e pe nde n t  o n  wa t e r  
d epth , s e a  cond i t ions , a nd we athe r .  T h e  fou r  pr i nc i pa l  type s 
( s ubme rs ib le ,  j ack- up ,  d r i l l  sh i p ,  a nd s em i s ub me rs ib l e )  a re 
desc r ib ed b e l ow .  The m a r i n e  r i se r  and pres s u r e  control  eq u i pme n t  
a r e  a l so d i scus s ed i n  th i s  s e c t ion . 
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1 .  S ub me r s ib l e  R i g  

A s ub me rs ib le i s  a b a rge- l ike ves s e l  s uppo rt i ng a d r i l l i ng r i g  
a nd i t s eq u i pme n t . I t  i s  towed to l oca t io n  a nd s ubme rg e d  to s i t  on 
the ocean f loor , whe re i t  se rve s a s  a f i x e d  p l a t fo rm .  I t  typ i c a l l y  
ope ra tes i n  s h al l ow ( 2 5 t o  5 0  f e e t ) , c a l m  wa t e rs . S ub me rs ib le r ig s  
we r e  the for e r unne rs o f  the pre s e n t  ge ne ra t ion o f  mob i le r ig s , and 
the i r  f un ct ions have b e e n  la rg e l y  a s s umed by j a ck- u p  r ig s . M a ny 
s ubme rs ib le b a rge r i g s  a re s t i l l  u s ed i n  s h a l l ow ( 6 to 1 0  fee t ) 
i nl a nd wa t e r  a nd ma rs h ope r a t iofiS . Ag a i n ,  s pe c i al d red ge a nd f i l l  
pe rmi t s  are  r eq ui red to c u t  s l i p  c a n a l s  i n  th e ma rsh to f l o a t  t h e  
b a rg e onto loca t io n . 

2 .  J ack-Up R i g  

Jack- u p  ( se l f- e l e v a t i ng ) r ig s  ( F ig ur e  1 4 ) have r e trac t ab le 
l eg s , wh i ch are l owe red to the ocean f loor a nd e n ab le the b od y  
( hu l l )  o f  the pl a t fo rm t o  b e  ra i sed to a s a f e  d i s tance ab ove the 
sea s u rface . Some j ac k- up r i gs h a ve the i r  l eg s a t t a ch e d  to a mat 
to s uppor t  the r ig we ig h t  on the ocea n  f l oo r , b u t mos t  d e s igns  
carry the l o ad o n  b o t tom l eg cyl i nde r s . Whe n  the r i g is  to b e  
moved , t h e  p l a t fo rm i s  l owe r ed i nto the w a te r ,  t h e  l e g s  r e t r ac t ed , 
a nd the e n t i re un i t  f l oa t ed b y  plat form h u l l  b uoyan c y . J a ck-up 
r ig s  may be s e l f- prope l le d  b ut are usua l l y moved by t u g s . 

Dr i l l i ng c a n  b e  cond u c t ed f rom a j ac k- u p  r ig i n  mo r e  seve re 
we a th e r  than typ i c a l  f l oa t i ng r ig s  and s e ve r a l  we l l s can be d r i l l e d  
d i r ect ional l y  from o n e  locat ion . Th i s  i s  the mos t w i d e l y  u sed 
mob i le r i g  i n  wate rs up to 3 0 0  fee t deep . 

3 .  Dr i l l  S h i p 

A d r i l l  s h i p  ( F ig ure 1 5 ) i s  a fre e- fl oa t i ng , sh i p- s h aped ve s s e l  
t h a t  i s  kep t  i n  pos i t io n  b y  mul t iple a ncho rs o r  b y  d yn am i c  
pos i t ion i ng wi th prope l l e r  t h r u s te rs . Dr i l l  sh ips h ave s everal  
ad va n t ag e s , i nc l ud i ng prov e n  de epwa t e r  capab i l i ty ,  capa c i ty to 
transpo r t  la rge l o ad i ng s  of  d r i l l i ng suppl i e s ,  fast t rave l t ime to 
remo t e  loca t ions , a nd r el a t iv e l y  l ow ope ra t i ng cos t s .  One d i s­
ad van tage of  a d r i l l  s h i p  i s  i t s  l im i t ed capa c i ty to ope r a te i n  
w i nd a nd wave cond i t ions t h a t  prod uce e x ce s s ive r i g  mo t io n . The 
l im i t i n g  fac to r  is ab ou t 1 5  fee t of  h e a ve , wh i ch c a n  be to l e ra te d  
b y  the m ar i ne r i s e r  t e ns ion i ng a nd h e ave compe ns a t i ng d e v i c e s . 

The ope r a t ional wa t e r  dep th fo r a d r i l l s h ip i s  l i m i ted to 
about 4 , 5 0 0  fee t  by the ab i l i ty to h a nd l e the l e ng th of  mar i ne 
r i se r .  Deep e x p l o ra t ion w e l ls have b e e n  d r i l led i n  w a t e r  de p t h s  o f  
4 , 0 0 0  fee t from moor ed a nd d yn am i c a l l y  pos i t ioned d r i l l  s h ips . 

4 .  S em i s ub me r s ib l e R i g  

A s em i s ub me r s ib le p l a t form ( F i g u re 1 6 ) i s  s uppo r t ed b y  a pon­
toon hu l l ,  wh i c h  i s  at the sea s ur f a c e  d u r i ng t ranspo r t . Whe n  i n  
the d r i l l i ng mod e , the h u l l i s  s ub me rged b el o w  th e wave troughs a nd 
the pla t fo rm r ema i ns ab ove the wave c r es t s . S t � i l i ty i s  ma i n­
t a i ned b y  c a i s son l e g s  wh i ch conne c t  the h u l l  to the p l a t form . T h e  
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F igure 1 4 . Jack-U p D ri l l i ng  R i g .  
SOURCE: Marathon Manufactur ing Company. 
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F i g u re 1 5 . Dri l l  Sh ip .  

SOURCE: The Offshore Company. 
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F i g u re 1 6 . Se m i s u b me rs i b l e  R i g .  
SOURCE: Bethlehem Steel Corporat ion. 
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un i t  i s  h e l d  i n  d r i l l i ng pos i t io n  b y  a ncho rs o r  b y  c ompu t e r­
contro l le d  prope l le r  t h ru s te rs . Ad van tages of  a s emi s ub me rs ib l e 
are i t s  d e epwa t e r  capab i l i ty ,  p l a t fo rm s t ab i l i ty ,  ope ra t i ng 
pe r forma n c e  i n  i n c l emen t  weathe r , a nd good mob i l i ty .  I t  i s  t h e  
f avor ed e x p l orat ion d r i l l i ng u n i t  i n  t h e  No r t h  S e a , N o r t h  A t l a n t ic , 
and of f s hore Ala s ka . 

Wh i le the  s emi s ub me rs ib le can to l e ra te roug h e r  s ea s  than a 
d r i l l  s h ip ,  i t s ope r a t ional l im i t i ng f ac to r  wh i l e  d r i l l i ng i s  the 
s ame a s  a d r i l l  sh i p , ab o u t  1 5  fee t of  h e a ve . The  s e m i s ubme r s ib l e 
h e ave respo ns e  to wave ac t io n  i s  l e s s  than a d r i l l s h ip ,  howeve r ,  
b e ca u s e  of  l e s s  wa t e r  p l a n e  area , e x c ept whe n wave swe l l  f reque ncy 
co i nc i d e s  w i th the ves s e l ' s  n a t u r a l  freque n c y . 

The ope ra t ional  wa t e r  d epth for a s em i s ub me rs ib l e ,  a s  w i th a 
d r i l l  s h ip ,  i s  l i m i t ed b y  the ab i l i ty to h a nd l e  the m a r i n e  r i se r , 
wh i ch i s  from 4 , 0 0 0  to 4 , 5 0 0  fe e t . S em i s ubme rs ib l e s  d o  not  h ave a s  
much d e c k  l oad capac i ty t o  s tore and t ra ns po r t  a l o ng ma r i ne r i s e r  
a s  does a la rge d r i l l  sh i p . 

5 .  Mar i ne R i s e r  a nd P r e s s ure Control Equ i pme n t  

The ma r i ne r i se r  i s  the heavy wal l p i pe that  c o n n e c t s  the  ocean 
f l oor BOP s t ack to the BOP a nd mud f l ow l i ne s  und e r the d e r r i c k  
f l oor o f  a f l oat i ng d r i l l i ng r i g . Th e u s u a l  s i z e  o f  a ma r i ne r i se r  
i s  1 8 - 5 / 8  i nch e s  ou t s ide d i ame t e r , t o  wh i c h  i s  ad d e d  f l ot a t i o n  
ma te r i a l to make the r i s e r  pa r t i a l l y  s e l f- s uppor t i ng . 

Ma r i ne r i s e r s  mu s t  ma i n t a i n  i n t e r n a l  p r e s s u r e  i n t eg r i ty b e twee n  
the BOP f i xe d  t o  the w e l lh e ad o n  the oce an f l oor a nd the d e r r i c k  
f loor BOP , wh ich ca n move w i th t h e  f l o a t i ng r i g  s i x  ways i n  t h ree 
d i me ns ions : 

• S urge 

• Ro l l  

• S way 

• P i tch 

• H e ave 

• Yaw 

l o ng i t ud i nal t rans l a t ion 

l o ng i t ud i nal rot a t io n  

t r a n s ve r s e  trans l a t ion 

t r a n s v e r s e  rot a t ion 

ve r t i c a l  trans l a t ion 

ve r t i c a l  rot a t ion . 

He ave of  the dr i l l i ng u n i t  as i t  r i se s  and f a l l s  w i th s e a  swe l l s  
p l u s  t h e  ve r t i c a l  c ompone n t s  o f  s u rge a n d  sway are a l l owed for i n  
the r i se r  s l i p j o i nt a nd the  d r i l l  p i pe mot ion compe ns a to r . 

The hor i z ontal compo n e n t s  o f  s urge a nd sway a nd t h e  b e nd i ng 
e f fe c t s  o f  ro l l  and p i t ch on the r i se r  are accommo d a t e d  i n  a b al l  
j o i n t immed i a t e l y  ab ove the ocean f l oor BOP s tack and i n  f l e x ib i l ­
i ty of  the r i se r  p ipe . Dr i l l  p i pe h a s  s u f f i c i e n t  f l e x ib i l i ty to 
al low th i s  mo t ion w i t ho u t  d amag e . Rot a t ion d ue to yaw i s  al l owed 
i n  the r i se r  s l i p  j o i n t . The mot ion c ompe nsa tor ab ove the s w i ve l  
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c a n  al low for a s  much as 2 0  f e e t  he ave w i tho u t  l i f t i ng t h e  b i t  of f 
bot tom . Ope ra t i onal good pract i c e  i s  l im i ted to ab ou t 1 5  f e e t  
heave . Bumpe r s ub s  ( s l i d i ng s l e eve dr i l l  co l la r s ) c a n  b e  u s ed o n  
bottom to i nc re a s e  h e ave to l e rance or a s  a n  e me rgency s ub s t i t u t e  
f o r  t h e  mot ion compe n s a to r . 

The b a l l j o i n t used b y  mo s t  float i ng u n i t s  al l ows 1 0  d e g r e e s  
movemen t  i n  a ny d i re c t ion from ve rt i c a l , wh i ch i s  ad equate f o r  
d r i l l i ng to con t i nue d ur i ng a 6 p e r c e n t  w a t e r  d e p t h  hor i z on t a l  
e x c urs ion and for a n  8 to 1 0  pe rce nt ex c u r s i o n  w i th t h e  r i se r  
attached b u t n o t  d r i l l i ng .  

The  water d epth t e chn i c al l im i t  for ma r i ne r i s e rs o f  ab out 
4 , 5 0 0  f e e t  is not cau sed b y  the r i se r  de s ig n ;  i t  is  the i nab i l i ty 
o f  f loat i ng d r i l l i ng un i ts to tra nspo r t  a n d  h a nd l e  a l o n g e r  s tr i ng 
o f  th i s  l a rg e  he avy p i pe . 

Pre s s ur e  con trol eq u i pme n t  for f l oat i ng r i g s  i s  the s ame a s  
ab ove-wa t e r  eq u i pme n t  e x c ept for the red undancy r eq u i red b y  the 
ocean f l oor loca t ion a nd the need f o r  f a i l  s a f e  remo t e  contro l . 
The typ ical  ab ove-wa ter BOP s t ack s hown i n  F ig ur e  1 2  h a s  one 
a nnu l a r  BOP , two ram- type BOPs eq u i pped w i th p i pe r ams , a nd one 
ram- type BOP w i th b l i nd rams . A typ i c a l  ocean f l oo r  BOP s tack 
( F ig ur e  1 7 ) has four p ipe ram BOP s ; one b l i nd ram BOP eq u i pped w i th 
she a rs capab le o f  s e ve r i ng the d r i l l p ipe ; and  two a n n u l a r  BOP s , 
one ab ove a nd one b e l ow the r i se r  connect o r . 

Al l oce a n  f l oor BOP ope rat ions are pe r f o rmed b y  hyd r au l i c  powe r 
contro l l e d  f rom the s u r f ace . Contro l s  may b e  hyd rau l i c o r  e le c­
t r i c . As a m i n imum , two i nd epe nd e n t  s ig n a l  cond u c to rs a nd two 
i nd epe nde n t  power l i n e s  a re prov ided . Th e BOP s tack i s  l owe red to 
the oce a n  f l oor a nd re t r i eved on the ma r i ne r i se r , s uspe nd e d  by the 
r i g  hoi s t i ng mach i nery , a nd u s u al ly g u i d e d  i n to p l ace on th e we l l ­
head b y  w i r e  l i ne s  s tre tched f rom the r ig to a n  oce a n  f l oor b a s e . 

An of f s hore e x p l o r a t i o n  we l l  may b e  pe rma n e n tl y pl ugged a nd 
ab and oned . I f  i t  i s  a comme rc i al d i scove ry ,  i t  may b e  t empora r i ly 
pl ugged , the mob i l e r ig moved , a nd a f i xed p l a t form b u i l t  ab ove i t  
for developme n t  d r i l l i ng and prod uc t ion . I n  any c a s e , the ocean 
f l oor BOP s t ack is  removed w i th the  m a r i ne r i s e r  s i nce it  is  part 
of the d r i l l i ng r i g  eq u i pme n t . 

B .  Deve l opme n t  Dr i l l i ng P l a t forms 

O f f s hore d e v e l opme n t  d r i l l i ng is u s ual l y  done f rom a f i xed 
s tructure . Almos t al l ope rat ions i n  U . S .  wa t e rs are from p i l e­
founded s tee l p l a t forms s u ch a s  s hown i n  F ig u re 1 8 . Th e water  
depth l im i t  fo r s te e l  p l a t fo rms is  mor e  e conom i c  than tech n ic a l . 
Des i g ns have b e e n  exte nded to s e rve l a rg e  f i e l d s  a s  d i scovered i n  
i ncreas i ng ly d e ep wa te r .  A s teel  p l a t fo rm i s  i n  ope r a t i o n  i n  mor e  
th an 1 , 0 0 0  f e e t  o f  wa ter i n  the Gu l f  o f  Me x i c o . 

Concrete p la t forms , cons tructed onsho re , f l oated to o f f shore 
l ocat ions , s unk a nd h e l d  i n  p l a c e  by g r av i ty ,  a r e  b e i ng s uc ce s s­
f u l ly u s ed i n  the North Sea . Monopod con c r e t e  s t ru c t u r e s  a re 

8 1  



' 

F i g u re 1 7 . Ocean F loor B lowout P reventer and Mar i ne R ise r.  

SOURCE: Cameron I ron  Works, I nc . 
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cons ide red f e a s ib le for f u ture B e r i ng S e a  Arct i c  deve l opme n t  i n  
wa t e r  d epth s o f  ab o u t  6 0 0  fe e t .  

Art i f i c i al i s l a n d s  have b e e n  dred ged up i n  s h a l l ow wa t e r  o f f  
t h e  Cal i fo r n i a  coa s t  and i n  ab o u t  6 0- foot wa t e r  de p t h s  i n  the 
Cana d i an Arc t i c  Ocean . Temporary grave l i s land s h a ve b e e n  crea ted 
in shal l ow B e a u fo r t  S e a  areas us i ng ons hore g r ave l . 

Much resea rch a nd deve l opme n t  has b e e n  conce n t r a ted o n  the 
technology of d e epwa t e r  ( 2 , 0 0 0  feet  or more ) d e ve l opme n t  d r i l l i ng 
a nd prod uc t ion ope r a t i o ns . A prom i s i ng concept is  the tens i o n  leg  
s te e l  towe r ,  a p l a t form prov ided w i th b uoya n t  l eg s  f i xe d  to an  
ocean f l oo r  s truc t u r e . The pl a t form de ck could t r ans l a t e  ho r i z o n­
tal ly b u t wou ld b e  re s tr a i ne d  f rom mov i ng vert i c al l y .  Anoth e r  
concep t , t h e  g uyed towe r ,  wou l d  be res tra i ned hor i z o n t al ly b y  a 
conve n t io n a l  a nchored g uy i n g  sys t em . 

Oce a n  f l oor w e l l comp l e t ion sys tems a n d  prod u ct ion f a c i l i t i e s  
h ave b e e n  deve l oped f o r  deep wa t e r  and p i l ot t e s ted i n  s hal l ow Gu l f  
o f  Mex ico w a t e rs . Both u nmanned sys tems , man ipu l a t e d  from the 
s ur face , a nd sys tem s  manned in a tmos phe r i c  pre s s ure ch amb e rs have 
b e e n  demons t ra t ed . S u ch sys t em s  w i l l  be u s ed wh e n  la rge o i l  or g a s  
f i e l d s  are  d i s cove red i n  w a t e r  d e p t h s  e i th e r  tech n i c a l l y  o r  e cono­
m i c a l l y  too d e ep for f i xed s t ructure s . S u b s e a  w e l l  c omp l e t ions  a re 
i n  u se throughout  the world  to expand f i e l d  deve l opme n t  pa s t  the 
hor i z o n t al l im i t  t h a t  can be reached by d i re c t i o n a l  d r i l l i ng from a 
f ixed pl a t form , t h u s  m i n i mi z i ng the numb e r  of p l a t forms req u i red . 

1 .  R i g s  and Dr i l l i ng P l a t forms 

O f f s hore d e v e l opme n t  d r i l l i ng r ig s  a re no d i f fe re n t  from l a nd 
r i g s  e x c ep t  for b e i ng packaged i n  mod u l e s  o f  conve n i e n t  we i g h t  a nd 
s i z e  for a pla t fo rm c rane l i f t .  De r r i c k s  a re u s ua l ly the  o l d  s ty l e  
square cons t r u c t ion r a t h e r  t h a n  the portab l e  j a ck-kn i fe type u s ed 
o ns hore . The typ i c a l  of f s hore p l a t form r ig h as d i e s e l  pr ime move rs 
d r i v i ng e l e c t r i c  g e n e r a tors , a nd all  mach i ne ry is  e l e c t r i c  motor 
d r i ve n . Some l a nd r i g s are d i e s e l  e l e c t r i c  dr ive b u t  mos t are 
d i e sel  mecha n i c al . 

Because o f  t h e  h i g h  c o s t  o f  an o f f s ho re p l a t form a nd t h e  ad­
vanced a r t  of  control led d i rect ional dr i l l i ng ,  s ev e ral we l l s are 
u s u a l l y  d r i l l e d  from e a ch p l a t form . Wh i l e  t h e  we l l  s pa c i ng on the 
pl a t form i s  on ab ou t e ig h t- foot cente rs , t hey may b e  hund r ed s  of  
fee t  apa r t  at prod u c i ng d ep th to conform w i th we l l  spac i ng r eg u la­
t ions . 

P l a t forms are  u s ua l l y b u i l t  w i th we l l  s l o t  a r rays i n  m u l t ipl e s  
of  1 2 , d epe nd i ng upon t h e  rese rvo i r  d epth a nd wh e t h e r  t h e r e  a re 
mu l t iple res e rvo i rs to b e  deve l oped . The s l a n t  of  d i re c t ional ly 
d r i l led w e l l s  i s  l im i t ed b y  the ab i l i ty of  e le c t r i c  l og g i ng too l s  
to s l ide down t h e  ho l e . Wi th u s ual dr i l l i ng f l u i d s , t h e  l i m i t  i s  
5 5  t o  6 0  d e g r e e s  from ve r t i c a l  i n  1 0 , 0 0 0 - to 1 2 , 0 0 0 - fo o t  w e l l s . 
De epe r we l ls ( 1 5 , 0 0 0 - 1 6 , 0 0 0  f e e t ) are l im i t ed t o  ab ou t 4 5  d e g r e e s . 
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2 .  Ac commod a t ions  and Log i s t i c s  

C rew l i v i ng qua r t e rs , me s s ,  a nd recre a t io n  fa c i l i t i e s  are pro­
v id ed o f f s hore . Supp l i e s  are d e l i ve r ed by s e r v i c e  v e s s e l s  prov i d ed 
wi th ope n de cks l ong e nough fo r doub le l e ng t h s  of  4 0- foot cas i ng , 
fresh wa t e r  a nd d i e s e l  f u e l  ca rgo tank s , t ra n s fer pump s , a nd b u l k  
ta nk s for dry c eme n t  a nd d r i l l i ng f l u i d  ad d i t iv e s . Personnel  are 
u s u al l y  tra nspor ted b y  h e l icopte r .  

I V .  Forma t ion E v a l u a t i o n  

Dur i ng dr i l l i ng ma ny l og g i ng tech n ique s a r e  u sed to de t e rm i ne 
the presence o f  re cove rab l e  hydrocarb ons a nd the  d epths  o f  z on e s  of  
i nt e res t .  Mud log g i ng co n t i nu o u s l y  mo n i tors the d r i l l i ng f l u i d 
s tream a s  i t  d i s ch a rg e s  from the  w e l l  a n nu l u s  for the presence  of  
oil  or g a s , a nd for ch a ng e s  i n  dr i l l i ng f l u i d prope r t i e s . Dr i l l  
c u t t i ng s  are re cove red for paleon to log i s t s  to i de n t i fy forma t i on s . 

The b i t  rate o f  pe n e t rat ion log w i th cons tan t we i g h t  on b o t tom 
a nd rot a ry spe ed i nd i c a t es forma t ion ch a ng e s  that  c a n  be correla ted 
w i th the d epth of  s im i la r  format ions encoun t e r ed in oth e r  wel l s . 
Cores recove red f rom zones  of  i n t e re s t  c a n  show the  forma t io n  f l u id 
con t e n t  ( o i l , gas , and  format ion wa t e r ) .  Lab ora tory e x ami n a t i o n  
c a n  reve a l  t h e  g e o l og i c a l  age , poros i ty ( pe rce n t  po r e  space ) ,  a nd 
pe rmeab i l i ty ( ab i l i ty to pa s s  o i l , gas , and wate r ) .  

E le c t r ic l ogg i ng i s  the mos t un i ve rs a l l y  u s ed fo rma t i on e va l u­
a t ion tech n iq ue . The l og g i ng tool i s  a s e ns i t ive i ns trume n t  
lowe red d own the ho le o n  a n  i ns u l a t ed cond uc tor c ab l e ( w i re l i ne ) . 
E l e c t r i c al res i s t iv i ty ,  n a tu ral e l e c t r i c a l  potent i a l , n a tural 
rad ioact i v i ty ,  i nd uced rad ioact i v i ty ,  i nd u c e d  so n i c e n e rg y , a nd 
e le c t romag n e t ic p ropag a t ion are de tected i n  the u n c a s ed h o l e  a t  
me a s u red d epths a nd r e co rd ed at t h e  s u rface . Rad i oa c t i ve a nd 
t empe r a ture l og s  are u sed to eva l ua te the fo rma t io n  i n  c a s ed h o l e s  
a nd t o  l ocate  ceme n t  b eh i nd t h e  cas i ng . 

The w i re l i n e  l og phys i c al me as ureme n t s a re u s ed to corre l ate 
forma t io n  depth w i th ot h e r  wel l s  and to e s t ima te the  prop e r t i e s  of  
the rocks trave rs ed a nd the f l u i d s  conta i ne d  in  the  rock pore s . 
Log s recorded i n  d r i l l i ng we l l s are the ba s i s  fo r mos t d e c i s i o ns to 
s e t  prod u ct ion cas i ng a nd d e v e l op the f i e l d . As a f i e l d  i s  pro­
d uced , the  rese rvo i r  e ng i ne e r  u s e s  the e l e c t r i c  l og s  to e s t ima te 
the reservo i r  b o u ndar i e s  a nd prob ab le prod uc i ng characte r i s t i c s . 

Dur i ng d r i l l i ng or c omp let ion , d r i l l  s t em t e s t s  may b e  con­
d u c t ed to de term i ne f l u i d content o f  the fo rma t ion w i thou t mak i ng a 
wel l comp le t io n . A too l wi th a b ot tom va l ve i s  run on d r i l l  p i pe 
a nd placed ad j a c e n t  to the z o ne of  i nt e re s t .  Packe rs a re s e t to 
seal b e twe e n  the d r i l l  p i pe and the  wa l l  of the hole . The b o t tom 
hole val ve i s  then ope ned to al low forma t i on f l u i d to e n t e r  the 
d r i l l  p i pe . The f l u id may b e  a l l owed to f l ow to the s u rf a c e , or 
the val ve may be c l osed a f t e r  f i l l i ng t he d r i l l  p i pe a few h und red 
fe e t .  Dr il l s tem t e s t s  can be run in the ope n h o l e  or through 
cas i ng pe rfor at ions . 

8 5  



V .  Comp l e t ion Ope r a t i o n s  

A .  We l l heads  

Dur i ng d r i l l i ng ope ra t ions , we l lh e ad s e c t ions are i ns tal led 
af te r e a ch cas i ng s tr i ng is  s e t . A w e l l h e ad ( ca s i ng h e ad ) is  a 
h e avy f l a nged s t e e l  connector wh i c h  i s  threaded or w e l ded to the  
cas i n g  top . S uc c e ed i ng s e c t i o ns a re conne c t ed by b o l t s  a nd e a c h  
h a s  a v a l ve d  ou t l e t . T h e  w e l lhead s e a l s  each c a s i ng a nnul u s ; e ach 
s e c t ion s uppo rts  the we i g h t  of  the cas i n g s tr i ng run through i t ,  
a nd s uppo r t s  and s e a l s  i t  to the BOP un t i l  d r i l l i ng i s  comp l e ted 
and the we l l  p e r fora t ed . 

B .  P e r fora t i on 

The prod u c t ion cas i ng a nd s u r round i ng c eme n t  are p e r forated to 
prov ide a pa s s ag e  for o i l  and gas from the forma t io n  i n to the we l l  
bore . Be fore pe r fora t i ng , the c as i ng i s  f i l l ed w i th d r i l l i n g  f l u id 
or sal t w a t e r  of  s u f f i c i e n t  we ig h t  to preve n t  the we l l  f rom f l ow i ng 
wh i le the pe r fora t i ng too l i s  i n  the ho l e . The pe r fo ra t i ng too l i s  
t h e n  run down the cas i ng o n  a n  e l e c t r i c  cond u c t o r  cab le to a mea­
s u red d epth , pred e t e rm i n ed d ur i ng forma t i on e va l ua t i o n . P e r fora­
t ion is ac c ompl i s hed b y  s uc ce s s ive ly f i r i ng s h aped e x pl os i ve 
ch arge s , a c t ua t ed from the  s urface . 

C .  T ub i ng ,  Packe r s , S a fe ty Valve s , Chr i s tmas Tree  

Fo l l ow i n g  pe r fora t io n , tub i ng i s  run  to prov i d e  a cond u i t  for  
fluid  f l ow to the  surface  a nd to protect  the  prod uc t i o n  ca s i ng f r om 
i n terna l pres s ure a nd cor ros ion . Tub i ng i s  s i z e d  for r a t e  a nd type 
of  prod u c t ion an t ic i pa ted a nd f o r  conve n i e n t  pa s s ag e through the 
cas i ng . The o ut s i de d i ame t e r  is u s ual l y  2 - 7 / 8  i n ch e s  for 7 i nch 
cas i ng a nd 2 - 3 / 8  i nc h e s  fo r 5 - 1/2  i nch c a s i ng . The tub i ng i s  hung 
from a tub i ng h e ad , f l anged a nd s e a le d  to the c a s i ng h e ad , w i th the 
b ot tom pos i t io ned ab ove the cas i ng perfora t i o n . I n  de ep o r  h igh­
pres s u re w e l l s , a pa cke r i s  a tt a ch ed to  the b ot t om o f  t h e  t ub i ng 
and s e t  to s e a l  the  annu l u s so that a fl u id c a n  b e  l e f t  b e twe e n  
tub i ng a nd cas i ng fo r pre s s ure and corros i o n  prote c t io n . 

Mos t  w e l l s  are c omp l e t e d  through a s i ng le s tr i ng o f  t ub i n g  to 
prod uce from a s i ng l e  res e rvo i r .  If more t h a n  one prod u c t ive z o n e  
i s  pe n e tra t ed b y  a w e l l  bore , a nd i t  i s  d es i rab l e  t o  prod uce them 
s imu l t aneou s l y , mu l t iple compl e t ions c a n  b e  made . Two or three 
pa ral l e l  s t r i ng s  o f  t ub i ng ,  i so l a t ed b y  packe rs a nd a ttached to a 
mu l t ip l e  ch r i s tma s tree , c a n  be i ns tal led f o r  i nd i v id ua l  z o n e  
contro l . T h e  d i s ad van tages o f  mu l t iple  comp l e t i o ns a re the  c om­
pl i c a t ed me ch a n i c s  of packer s e t t i ng s  and smal l e r d i ame t e r  tub i ng 
s t r i ng s , wh i ch can l im i t  f l ow rate s . 

A s ub s u r f a c e  s a f e ty v a l ve l a nd i ng n ipp l e  i s  run  i n  t h e  t ub i n g  
s tr i ng o f  we l l s  c omp l e ted i n  ma r i ne , urba n , o r  e nv i ronme n tal l y  
s e ns i t i ve a r e a s  to prov ide d ownho le eme rge n cy s h u t o f f  t o  preve n t  
uncontrol led f l ow s ho u l d  a fa i l ure occur i n  s ur f ac e  control  
equ i pme n t . 
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The f i na l  eq u i pme n t  i ns t al l ed on a prod uc i ng w e l l i s  the 
chr i s tma s tre e . It is a man i fo l d  of  v a l ve s  a nd f i t t i ng s  f l a nged 
and s e a l ed on the  t ub i ng h e ad to  prov i de f l ow con tro l from the 
t ub i ng to a g a the r i ng l i ne , wh ich ca r r i e s  prod u c t i o n  to proce s s i ng 
and s torage f a c i l i t i e s . A sma l l  or i f ice ( choke ) ,  a n e ed l e  val ve 
( ad j u s tab le choke ) ,  or a powe r ope r a t ed au toma t ic va l ve reg u l a te s  
t h e  f l ow .  F i g u re 1 9  s hows a h i gh-pre s s ure c h r i s tmas t r e e . 

D .  S t im u l a t ion 

If  a w e l l does not f l ow ,  a p l ug- l i ke dev i c e  c a l l e d  a swab i s  
l owered t hrough the chr i s tmas tree a nd d own t h e  t ub i ng o n  a w i re 
l i ne .  Whe n  the swab i s  pul led up the tub i ng ,  r emov i ng p a r t  of  the 
f l u id , the re s u l t i ng b ot tom ho le pr e s s ure d i f fe re n t i a l  w i l l  c a u s e  
forma t ion f l u i d s  t o  f l ow i n to t h e  b oreho le . I f  swab b i ng does not 
r e s u l t  i n  e x pe c t e d  f l ow r a te s , oth e r  s t imu la t i o n  t e ch n iq ue s  may b e  
t ri ed . 

Some prod uc i ng f o rma t ions are se ns i t iv e  to d r i l l i ng f l u i d s , 
wh i ch s e ep i n  and swe l l  m i nute c l ay pa r t ic l e s , fo rm i ng a b lock . 
Th i s  b l ock may b e  removed b y  i nj e ct i ng a sma l l vo l ume of  a s u r f a c e  
act ive agent  ( s u r f a ctan t ) .  L i mes tone fo rma t i o n s  c a n  u s u al l y  b e  
s t imu l a ted to h ig h e r prod uc t ion ra t e s  b y  i nj e c t i ng s eve ral tho u s a nd 
g a l l ons of hydro c h l o r i c  ac id w i th s ome hyd r o f l uo r i c  ac id ad d ed to 
d i s so l ve mud cake . 

Th e mos t  w i d e l y  u sed s t imu l a t ion proce s s  i s  fo rma t io n  f r a c t u r­
i ng . Large vo l ume s ( s e ve r a l  thou s a nd g a l l on s ) o f  a v i s c ou s f l u id 
cont a i n i ng coars e s a nd , g la s s  b e ad s , o r  ot h e r  p a r t i c u l a te ma t t e r  i n  
s u s pe ns ion i s  pumped down the tub i ng or c a s i ng a n d  i n to the forma­
t ion at a h ig h  rate a nd pres s u re . Th i s  c rea t e s  f r a c t u r e s  in the 
format ion t h a t  may e x te nd s e ve r a l  h undred f e e t  from the we l l  b or e , 
a nd are propped ope n  b y  the pa rt i c u l a te ma t te r .  S uc c e s s f u l  f r ac­
t ur i ng treatme n t  can gre a t l y  i nc rea s e  the prod u c t ion r a t e  a nd l i fe 
of  a wel l .  T i g h t  g a s  s a nd s  are part icu la rl y  s u sc ep t ib le to f r ac­
tur i ng . 

Fo l l ow i ng s t i mu l a t ion , the tub i n g  a n d  packe r are r e r u n , the 
chr i s tmas tre e i ns tal led , a nd the we l l  swab b e d  i n  u nd e r  f l owi ng 
cond i t ions , o r  p l a c ed on a rt i f i c i al l i f t . The  s pe n t  c h em i c a l s  
re turn i ng w i t h  prod uced f l u id s  a r e  recove red f o r  d i s po s a l . 

PRODUC'r i ON 

Prod u c t ion ope r a t i o n s  b eg i n  as the hyd roc a rb o n  r e s e rvo i rs 
d eve l oped b y  c omp l e t ed wel l s  produce oi l , g a s , a nd f o rma t ion w a t e r  
m i x tures through the  l i f t i ng ,  gathe r i ng , and s e pa r a t i on f ac i l i t i e s . 
Di s pos i t i o n  of  the l i q u i d  prod ucts i s  b y  c u s tody t r a ns fe r .  Na tural 
gas is e i the r i n j e c t ed or sold through a p i pe l i n e , a n d  pro d u c e d  
wa ter ( u s ua l ly s al i ne )  i s  e i th e r  d i sc h a rg e d  o r  i nj e c t ed u nd e r­
ground . Typ i c a l  o n s hore o i l  f i e l d  prod u c t i o n  f ac i l i t i e s  are s hown 
schema t ic a l l y  i n  F ig ure 2 0  a nd s impl i f i ed o f f s ho r e  fac i l i t i es w i th 
ons hore treatme n t  f a c i l i t i es i n  F i g ure 1 8 . 
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F i g u re 1 9 . H i g h -P ress u re Chr istmas Tree. 
SOURCE: Cameron I ron Works. I nc . 
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I .  Prod u c t i on Sys tems 

The c omm i ng l ed o i l , wate r , a nd gas f l ow f r om c hr i s tmas t r e e s  
through g a the r i ng l i ne s  to g a s /l iquid  s ep a ra to r s . T h e s e  a r e  pr e s ­
s u re ves s e l s  wi th b a f f l e s  a nd a q u i e t  chamb e r  whe re f r e e  g a s  se­
parate s  by g rav i ty a nd f l ows from the top o f  the ve s se l . The  o i l  
and wa te r m i x ture  mov e s  from t h e  s eparator to another  s e pa r a t i o n  
ve s se l  wh e r e , wi t h  t h e  ad d i t io n  of  h e a t  a nd/or ch e m i c a l s , o i l /wa t e r  
emu l s ions are b roke n  a nd t h e  c ompone n t s  s epar a t ed b y  g r a v i ty a i d ed 
b y  b a f f l e s  a nd , i n  some un i t s , b y  e l e ct r os t a t i c  act ion . 

O i l  t h e n  mov e s  from the de hyd rators to s to rag e t a nk s  fo r 
me a s ureme n t  o r  t h rough me te rs to the cu s tody of the p i pe l i ne 
c ompa ny . O i l  i s  so l d  b y  the prod uce r to a ref i ne r  or b roke r . The  
p i pe l i n e  ope r a tor s , trucke rs , or b arge ope r a tors s e rve a s  c ommon 
c a r r i e r  transpo r t e rs . 

Ga s l e av i ng t h e  g a s / l iq u i d  s eparato r  p a s s e s  through a g l ycol  
dehydrato r  or a d ry d e s i c ca n t  tower to preve n t  the f o rma t ion o f  
hyd r a tes ( so l i d  w a t e r/g a s  m i x tu r e s ) ,  wh ich c a n  o c c u r  i n  h ig h­
pre s s ure ga s a t  l ow t empe rature s . The d ry g a s  may t h e n  b e  me te red 
to a pipe l i ne fo r s a l e  or compre s s ed a nd i nj e c t ed i nto a prod u c i ng 
forma t ion for pre s s ur e  ma i n tenanc e . 

Forma t i o n  wa te r pas s e s  through a c la r i f ie r  to remo v e  mi nute  
d rops of  o i l . Onshore , t h e  c la r i f i e r  may b e  a l a rg e  t a nk or  a 
shal l ow po nd . Re te n t ion t ime n e c e s s a ry to remo ve o i l  to a n  
acceptab le l e v e l  va r i e s  w i th the g rav i ty o f  the o i l  a nd t h e  
tempe r ature . I f  a s h al l ow ho l d i ng po nd i s  k ep t s k immed a n d  the 
re tent ion t ime is  2 4  hours o r  mo re , t h e  ave rag e o i l  c o n t e n t  of  
wa te r d i s ch a rged can be l e s s  than 25  pa r t s  pe r m i l l i o n  ( ppm ) . E PA 
reg u l a t ions proh ib i t  d i s c h a rg e s  i n  ex c e s s  of  4 8  ppm o n  the OC S .  

Whe n  the c l e a n  w a t e r  leaves the c la r i f i e r , i t  may b e  d i s­
charg ed to t i dewa t e r s  o r  i n j e cted through a d i spos a l  we l l  i n to a 
nonprod uc t ive z one or i nto a prod u c i ng zone for p r e s s u r e  m a i nt e­
nance and s e c o ndary r e c overy . F i l te r i ng may b e  n e c e s s ary to pre­
ve n t  fo rma t io n  p l ug g i ng . For s a fe ty a nd s pi l l  cont a i nme nt , d i ke s 
u s u al l y  can hold mor e  than the total capa c i ty o f  the o i l  t a nk s . 

A .  O f fshore P rod u c t ion S y s tems 

Be cause of s pace l imi ta t ions , o f f s hore pro d u c t i on f ac i l i t i e s  
mu s t  b e  compac t  a nd s e t  c lose toge th e r . An of f s ho r e  i ns tal l a t io n , 
i l l u s tr a t ed i n  F ig ure 1 8 , s e pa rates the gas  from l iq u i d s  o f f­
s ho r e , p ump s the o i l /w a t e r  m i x ture ons ho re fo r separa t ion , a nd 
compr e s s e s  the gas  for d e l i ve ry to the o n s hore g a s  d e hyd r a to r . 

I f  c u s tody tra ns fe r to a p i pe l i n e  compa ny o c c u rs a t  t h e  o f f­
s ho r e  pla t fo rm ,  t h e  o i l  u s ua l ly m u s t  b e  o f  s a l ab l e  q ua l i ty ,  s o  
oi l /wate r s e pa ra t ion eq u i pme n t  mus t b e  i ns t al l e d  there . The  
prod uced water  is  c le a ned b y  a mech a n i c a l  c la r i f ie r  a nd d i s c h a rg ed 
i n to the s e a  whe n  i t  mee t s  regulated  s pe c i f i ca t io n s . 
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To cope wi th the ad d ed s a fe ty h a za r d s  a nd g r e a te r pot e n t i a l  for 
e nv i ronme n t al po l l u t ion , s a fe ty d e v i c e s  are u se d  o f f s ho r e  that are 
not n e c e s s ary i n  u s ual ons hore ope ra t i o n s . Mos t a re cons i d e red 
good pract i c e  by pru d e n t  ope r a tors b u t  o f t e n  they are r eq u i red b y  
reg u lat ions . The  ma j o r  s a f e ty dev i c e s  on s ur f a c e  f ac i l i t i e s  are : 

• Remo t e l y  ope r ab le , f a i l c losed va l ve s  on e ach prod uc t ion 
we l l . 

• Man u a l  remote con tro l s  for eme rge ncy s h u td own a t  a command 
center a nd a t  evacua t io n  po i nt s . ( Th e  e n t i re p l a t fo rm c a n  
b e  s h u t  d own from th e s e  con tro l s . )  

• H i gh- l ow l iq u id l eve l se n so rs on g a s / l iq u i d  s e para tors . 

• H i g h- l ow pre s s ure se nsors on a l l pre s s ure ves s e l s . 

• H i g h- l ow pre s s ure s e n sors on al l f l ow l i ne s  b e twee n  th e we l l  
choke a nd the val ve ma n i fo l d , wh ich d i re c t s  f l ow t o  ga s /  
l iq u i d  s epara tors . 

• H i g h- l ow l iq u id l e ve l  se nso rs and h i g h- l ow pre s s ur e  se n so r s  
a t  approp r i a t e  locat ions on g a s  c ompr e s so r  i ns tal la t io n . 

• H i g h- l ow pre s s ur e  se nsors a nd au toma t ic a nd remo t e l y  
ope r ab l e  val ve s  on a l l  o i l a nd g a s  p i pe l i n e s  e n t e r i ng a 
pla t fo rm f r om a s a t e l l i te p l a t fo rm o r  le av i ng t h e  p l a t fo rm . 

• H i g h- l ow pr e s s ur e  se nsors on al l p ipe l i ne p ump s . 

These mal funct ion sensors are connected to a l a rm s . Appropr i a t e  
s e n sors a r e  d e s i gned to au toma t i c al l y  s h u t  i n  pa r t i c u la r  wel l s  o r  
t h e  who le pla t fo rm . 

We l l s that prod uce q ua n t i t i es o f  fo rma t io n  s a nd t h a t  c a n  e rode 
p i pe and conne c t i o n s  may b e  mon i tored by an e ros ion d e te c to r  p l a c ed 
i n  the fl owl i ne downs tream f r om the we l l  choke . Eros ion of  the 
de tector c a n  c l os e  th e we l l ' s  au toma t ic va l ve . 

Al l o i l  or g a s  we l l s , i n c l uding i n j ection w e l l s  i f  capabl e  o f  
f l ow i ng , a r e  eq u i pped w i th a sub s ur f ac e  s a f e ty v a l ve s e t i n  the 
wel l tub i ng 1 0 0  or more fee t b e l ow the ocean f l oo r . Th e s e  valves  
are de s igned to  s top f l ow a u toma t ic al l y  in  case of  ac c i d e ntal h ig h  
rate o f  f l ow occurr i ng a t  t h e  s u rface . A l l s ub s urface  s a fe ty 
va lves w i t h l e s s  than 4 , 0 0 0  p s i surface  pr e s s ur e  i ns t al l e d  i n  u . s . 
OC S we l l s  s i n c e  De c e mb e r  1 ,  1 9 7 2 ,  are s ur f a c e  con trol l ed .  S ub ­
s ur face contro l le d  ( ve l oci ty o r pre s s ur e  act iva ted ) s a f e ty v a l ve s  
are u s ed i n  h ig h e r  pres s ur e  wel l s . 

B .  O f f shore Em i s s i o n s  a nd E f f l ue n t s  

A i r  emi s s ions from a ma nned o f f s hore prod u c t ion p l a t fo rm i n­
c l ude those em i t ted f r om a n  of f s hore d r i l l i ng r i g : d i e s e l  e ng i ne 
exhaus t ,  and prod u c t s  o f  c omb u s t ion o f  d i e s e l  o i l  a nd na t u ral g a s  
b u rned i n  w a t e r  h e a t e rs a nd s pace h e a t e rs fo r c rew qua r t e rs . I n  
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ad d i t io n , the r e  may b e  b r i e f  b urn i ng o f  n a t u r a l  g a s  i n  a f la r e  
d ur i ng a w e l l t e s t . I f  the w e l l b e i ng t e s ted i s  expl ora to ry a nd 
the re are n o  f a c i l i t i e s  for s av i ng the o i l , a n  o i l  a nd g a s  m i x t ure 
mig h t  be b ur n ed i n  a smoke l e s s  b ur ne r . Di sch a rg e s  to the sea from 
o f f shor e  prod u c t i o n  p l a t fo rm s  are d i sc u s sed i n  the Env i ronme n ta l  
Cons i de ra t i ons s e ct i o n  of  th i s  chapte r . 

F i r s t  s ta g e  s epara t ion o f  o i l  and prod uced wa t e r  o f f s hore i s  
u s ua l ly b y  g rav i ty und e r pre s s ur e  i n  the " fr e e  w a t e r  k n ockou t "  
s e c t ion o f  a gas/o i l  s epara tor or i n  a s epa rate p re s s ur e  ves s e l  
downs t re am f rom t h e  g a s /o i l  s eparator . Re t e n t i o n  t ime i n  the 
pre s s u r e  ves s e l  i s  q u i t e  s ho r t . Typ i c al l y , th e wa t e r  l e av i ng th e 
f i rs t s tag e w i l l  conta i n  from 1 0 0  to 3 0 0  ppm e nt ra i ned o i l , wh i c h  
mu s t  b e  c la r i f i ed b e fore i t  i s  d i s ch a rged i n to t h e  s e a . 

S e v e r a l  types o f  d e v i c e s  de s i gned to remo ve f i ne l y  d i v id e d  o i l  
d rop l e t s  are comme r c i al ly ava i l ab le ,  b u t  few h ave prove n prac t i c a l  
i n  f i e l d  t e s t s . Al l sys tems work o n  the pr i n c i p l e  o f  acc e l e ra t i ng 
the coa l e s c e nce of the o i l  drop l e ts , c au s i ng t h e  o i l  to r i s e  
through t h e  wa t e r  c o l umn more rap idly so i t  c a n  b e  s k immed . Types 
that have b e e n  ex t e ns i ve l y  tes ted o f f s ho re i nc l ude : 

• F ib rou s e l eme n t  coal e sc i ng de v i c e s , wh i c h  are e f f i c i e n t  wh e n  
f i rs t i ns t a l l ed b u t r ap id ly become plugged  w i th f i n e  pa r t i ­
c l e s  o f  s i l t  o r  p a ra f f i n  pre s e n t  i n  the w a t e r . 

• C e n t r i fuges , wh i c h  t e s t s  s how to b e  e f f ic i e n t  b u t  w e r e  d i s ­
ca rded b e c au s e  r e t e n t ion of  so l i d s  c au s ed h i g h  ma i n te n ance 
cos t s  and s ig n i f i c a n t  powe r req u i reme n t s . 

• Up f l ow s a nd f i l t e rs , wh ich prov ide e f f i c i e nt sep a r a t i o n  b u t  
are l im i t ed i n  u s e  b e cause of  the large p l a t form space 
req u i reme n t s , t h e  c los e a t tent ion req u i red , a nd the need to  
tre a t  b ackwa s h  wa te r and so l id s . 

• Ga s f l o t a t i o n  d e v i c e s , wh i c h  are u s ed e x t e n s i v e ly i n  the 
Gu l f  o f  Me x i co w i t h  good re s u l t s . Coa l e s c e n c e  occ urs  by 
m i x i ng natural  gas or a i r wi th the wa te r .  Ri s i ng bubbl e s  
b r i ng o i l  d ropl e t s  t o  the s urface f o r  sk imm i n g . Powe r i s  
n ec e s s a ry to operate f l ota t i on c e l l s , wh i c h  requ i r e  c o n s t a n t  
ma i n tenance t o  keep u p  per formanc e .  

• Corr ugated p l a te i n te rceptors , wh i c h  con s i s t  o f  a b u nd l e  o f  
corrug ated f i berg l a s s  pl ates spaced c l o s e l y  tog e th e r  and 
s l ope d . Prod uced wa ter i s  d i re c ted thro ug h  the b u nd l e and 
be twe e n  the pl at e s . Ac c e l e rated coa l e s c e n c e  i s  a c h i e ve d  by 
shorte n i ng the d i s tance that o i l  d ropl e t s  have to r i se to 
con tact  a s u r face f rom several fee t to a f e w  i n c he s . Th e 
coa l e s c i ng o i l  d ropl e t s  move a long the f i be rg l a s s  p l a te s  
i n to a qu i e t  chambe r where they con t i n u e  to r i se to be 
sk immed a nd recovere d . Corrug a ted p l a te i n te r ce p to r s  are 
w i d e l y  used beca use they g i ve re s u l ts compa rab l e  to mu l t i ­
c e l l f l o t a t ion u n i t s  and requ ire n o  powe r to ope r a te o the r 
than a pump to move the wa ter . 
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EPA s t a t i s t i c al anal ys i s  o f  data from wa t e r  c la r i f i e rs a t  G u l f  
o f  Mex i c o  i ns tal l a t ions has shown that prope r l y  ma i nt a i ned gas  
f l ota t i on un i t s ma i n t a i n  l ong- term e f f l ue n t  averag e s  o f  ab out 2 5 
ppm o i l . The only a l t e rnat ive s to d i s c h a rg i ng produced wa t e r  a t  
s e a  a f te r red u c i ng o i l  con t e n t  through s ta te - o f - t h e - a r t  c lar i f i e rs 
are d i s po s a l  i n  i nj e c t ion wel ls or transpo r t a t i o n  to s hore fo r pe r­
m i t ted d i sposal . 

I I . Ar t i f i c i a l  L i f t 

As r e s e rvo i r  e n e rg y  d im i n i sh e s  and wel l s  s top f l ow i ng , a rt i f i­
c i al l i f t  sys tems are req u i red to ma i n ta i n  prod uc t i o n . T h e  mos t 
common sys tem i s  the a rt i f i c i al l i f t pump i ng u n i t  i l l u s t ra t ed i n  
F ig ure 2 0 . The pump i ng u n i t  i s  powe red b y  a n  e l e c t r i c  mo tor or 
internal comb u s t ion gas  e ng i ne . S te e l  rod s ( s ucker rod s ) s u spe nded 
from the os c i l la t i ng b e am h e ad re c i proca t e  a pl u ng e r pump in the 
tub ing , l ocated b e low the f l u i d  level in t h e  we l l . 

Whe re s u f f i c i e n t  g a s  i s  ava i l ab l e ,  g a s  l i f t  may b e  u s ed . Gas 
forced i nto the t ub i ng - c a s i ng annu l u s  is i n j e c t ed i n to the tub i ng 
throug h g a s  l i f t  val ve s  b e low the f l u id l e v e l  o f  t h e  we l l . G a s  
m i x i ng w i th t h e  f l u id l i g h tens t h e  total we ig h t  of t h e  f l u id col umn 
to les s than the re s e rvo i r  pre s s u re so tha t th e we l l  c a n  f l ow to 
the surface . 

Othe r , l e s s  c ommo n a rt i f ic i a l l i f t  sy s t ems are hy d rau l i c ­
powe red downhole pl unger pumps and s ubme rged e le c t r i c  mo tor-powe red 
c e n t r i fugal pump s . The mos t  w i d e l y  used a r t i f i c i a l l i f t sys tems 
o f f s hore are g a s  l i f t  and hyd rau l i c  pump s . Wa l k i ng-b e am pump s are 
g e n e ral ly too b u lky fo r of f s ho re use . S ubme rg ed c e n t r i fugal  p umps 
are app l i c ab le to very l a rg e  vo l ume rate s , u s u a l l y  whe r e  s a l t  wa te r 
cont ent i s  ove r  7 0 - 7 5  pe rce nt . 

I I I . Prod u c t ion Ma i n te n ance 

Ma ny ope rat ions are pe rformed on we l l s  to ma i nt a i n  prod u c t ion 
rate s , e x tend prod u c t i ve l i fe , a nd i nc r e a s e  tot a l  hyd rocarb o n  
re cov e ry . Mos t ope rat ions need a we l l  s e rv i c i ng r ig a nd s pe c i al ­
i z e d  s e rv i c e s  s u ch a s  we l l  s t imulat ion , mos t o f  wh i ch a re f u r n i shed 
b y  contractors . The typ i c a l  p roduc t i on we l l  s e rv i c i ng r ig h a s  a 
sel f-prope l l ed carr i e r ,  d rawworks , a swab l i ne , a nd a ma s t  that c a n  
b e  ra i sed w i th r i g  powe r and ex t e nded ab ove t h e  we l l h e ad . 

A .  Ar t i f i c i a l  L i f t S e rv i c i ng 

A wel l s e rv i c i ng r i g  i s  u sed to p u l l s u cker rods to repa i r  the 
downhole pump or replace b roke n rod s , wh i ch oc c u r  many t imes in the 
l i fe of a pump i ng we l l .  Dur i ng t he s e  j obs , paraf f i n  depos i t ed f rom 
the o i l may b e  scraped from tub i ng wal l s  o r  s a nd b a i l e d  from the 
we l l .  Occa s ional ly , wo rn sect ions of  tub i ng may be r ep l a c ed . Gas 
l i f t , hyd rau l i c pump s , a nd s ubmers ib l e  e le c tr i c  we l l  pumps a r e  a l so 
pul led for repa i rs . 

B .  Workove r s  

Mos t o i l  and gas  we l l s req u i re downh o le s e rv i c i ng c a l led work­
ove rs a f t e r  comp l e t i o n . I t  i s  u s ual l y  ne c e s s a ry to conf i n e we l l  
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pre s s ur e  by f il l i ng t h e  w e l l  w i th a we i g h t ed f l u i d a nd t h e n  p ul l i ng 
the t ub i ng w i t h  a wel l s e rv i c i ng r i g . 

Commo n workove r j ob s  i nc l ude red u c i ng s a l t  wa t e r  o r  e x c e s s i ve 
g a s  prod u c t ion from a n  o i l  w e l l .  Tub i ng o r  d r i l l p ipe i s  run i n  
the ho l e  w i t h  a packer t h a t  i s  se t to s e a l  the  c a s i ng a n n u l u s  ab ove 
the pe r f o r a t ions . Cem e n t  is the n pumped down the  t ub i ng a nd 
sque e z ed t hrough the  pe r forat ions . The packe r i s  u n s e a t ed a nd 
e x c e s s c ement  w a s hed ou t . A f t e r  the cem e n t  h a s  s e t ,  t h e  w e l l  i s  
re-pe r fora t ed h ig h e r  o r  l owe r i n  the wel l ( a s i nd i ca ted b y  e xami na­
t ion of we l l  l og s )  a nd t he we l l  is recomp l e ted . Workovers may a l so 
u s e  s t imu l a t ion procedures  s u ch a s  t hose d e s c r ib ed i n  the  prev i ou s  
s ect ion . 

C .  S and Control 

Some oil a nd gas rese rvo i rs are composed of uncons o l i d a ted 
s a nd s tone s , wh i c h  move w i t h  the prod uced o i l  a nd g a s  i n to t h e  wel l  
b ore . Th i s  c a n  e rode va l ve s  a nd p ipe f i t t i ng s  a t  t h e  s ur fa c e  a nd 
eve n t ual ly s top f l ow b y  a c cumu lat ion i ns i d e  t h e  c a s i ng . A Mone l 
me t al w i r e  s c r e e n  w r appe d  a round pe r fo r a t ed p ipe a nd s e t  ad j ac e n t  
to t h e  prod u c i ng forma t ion u s ed t o  b e  a common r emed y .  Grave l pack 
a nd p l a s t ic conso l i d a t ion are mo re e f f e c t ive mode r n  me thod s . 

For a g r av e l  pack , a s c r e e ned pe rfora t ed p ipe i s  run w i th a 
packe r ab ove a nd s e t  ad j ac e n t  to the pe r fo ra t ions . Graded coa r s e  
s a nd ( gr ave l ) i s  pumped down t h e  tub i ng ,  t he a n nu l u s  b e tw e e n  t h e  
scre e n  and pe r forat io ns i s  f i l led  and some of t h e  g r av e l  i s  pumped 
i nto the fo rma t ion . 

For a pla s t ic conso l i d a t ion , a l i q u i d  p r epo l yme r i s  p umped 
t hrough the per fora t ions , fol l owed b y  a c a t a l ys t  t h a t  c au s e s  the 
p l a s t ic to so l i d i fy on the sand gra i ns , c eme n t i ng t h em t og e t h e r  
w i thout p l ug g i ng the  i nt e rs t i t i a l  space . P l a s t i c consol i d a t ion 
r ed uces pe rme ab i l i ty ,  thus  l owe r i ng prod uc i ng r a t e s . 

D .  Corros ion Con t ro l  

Mos t of the  corros ion onshore oc c urs on b ur i ed p i pe l i ne s  a nd 
d ownho le w e l l eq u i pme n t . Ex t e rnal corros ion of b ur i ed p ipe l i nes i s  
contro l led b y  a h e avy a sph a l t i c  wrappi ng o r  a tough e x t r u d e d  p l a s­
t ic coa t . La rg e  p i pe l i ne g a the r i ng sys t ems may a l so b e  pro t e c t ed 
ca thod i c al l y  b y  impos i ng e l e c t r ic c urren t .  I n t e r n a l  corros i on o f  
f l ow l i ne s  ( we l l  to g a s /o i l  s epa ra t ion ) c a n  b e  red u c ed b y  i nj e c t i ng 
corros ion i nh ib i t i ng chem i c a l s  a t  the  wel l . 

Corros ion o f  d ownh o l e  rod p umpi ng equ i pmen t  c a n  b e  very cost ly . 
Co rros ion- r e s i s t a n t  ma te r i a l s  are used in  pump p a r t s  and , i f  corro­
s ion is s e ve r e , corro s ion inh i b i tors are i n j e c ted i n to the wel l .  

Gas w el l s  may prod uce C02 , wh ich b e come s c or r os i v e  wh e n  
d i s so lved i n  prod uc ed wa t e r . A corros ion i nh ib i to r  c a n  b e  b a tc h  
i n j e ct ed i n to gas  we l l  t ub i ng t o  reduce th i s  type o f  corros ion . 
Many h igh-pr e s s ur e  g a s  we l ls a nd ce rt a i n  c �u d e  oi l we l l s prod uc e 
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some H 2 S ,  wh i ch c a n  c a u s e  hyd rogen ernb r i t t l eme n t  c ra ck i ng i n  very 
hard , h ig h  t e ns i l e  s te e l s . S pe c i al al l oy s te e l  p ipe , va l ve s , a nd 
f i t t i ng s  are u s ed unde r t h e s e  cond i t ions . 

O f f s hore p l a t forms r eq u i re s pe c i al c o r ros i o n  prote c t i o n  f rom 
cont i nuous  expos ure to s a l t  w a t e r  for ma ny ye a rs . T h e r e  a r e  three 
areas of exposure r eq u i r i ng d i f fe r i ng prote c t i o n : 

• Atmo sph e r i c  Z on e  -- Th i s  zone h a s  the  l owe s t  c o r ros ion rate 
b ut is the mos t  expe ns ive to ma i nta i n . M a ny type s of c o a t­
i ng s  have b e e n  tr i ed , l e ad i ng to the  u s e  o f  h i gh-qu a l i ty ,  
he avy-b od i ed c oa t i ng s . Dur i ng cons tru c t i o n , p l a t fo rm s  are 
s a nd b la s t ed to wh i te me t a l  b e fore c o a t i ng .  An e f fe c t i ve 
comb i na t io n  i s  a n  epox y  mas t ic ove r  i norg a n i c  z i nc .  Ad d i ­
t ional  repa i nt i ng i s  r eq u i r ed a t  the conc l u s i on o f  d ev e l op­
ment d r i l l i ng a nd s ub seq ue n t l y  a t  f ive- to e ig h t- ye a r  i n­
t e rva l s . 

• S p l ash Z one -- Th i s  zone i s  kep t we t b y  wave a c t ion a nd i s  
ab ove the area that ca n b e  ca tho d i ca l l y  prot e c t ed . Non­
cor ros i ve cove r i ng s  app l i ed to the s p l a s h  z o n e  i nc l ud e  
wroug h t  i ron , f ib e rg la s s , s ta i nle s s  s teel , a nd Mon e l . 
Modern p l a t fo rm d e s igns  a i m  a t  m i n im i z i ng the  p l a t fo rm area 
in  the splash z o ne . 

• Imme r s ed Zone - - Al t hough the b u l k  o f  a pla t fo rm i n  d e ep 
wa t e r  i s  imme rs ed , th i s  pa r t  i s  the  s imp l e s t  to prote c t . 
Ca thod i c  prot e c t i o n  i s  pr ov ided b y  s ac r i f ic i al ga l va n i c  
anode s o r  impres s ed c urre n t  s y s t ems , wh i ch u s e  g e ne r a tor­
rect i f i e r  u n i ts a nd s pe c i a l a node s to res i s t  d e t e r i o r a t io n . 

E .  P r imary Re cove ry 

O i l  r es e rvo i rs are not cave rns o r  imme ns e  und e rg round poo l s . 
Acc umu lat ions o f  o i l  o c c ur i n  the po re space b e twe e n  gra i ns i n  
s a nd s tone o r  i n  the v e ry f i ne pores a nd f r a c t u r e s  i n  l im e s to ne . 
Pe tro l e um source b ed s  are u s ual ly the nearb y  s h a l e  forma t i o n s  from 
wh ich the o i l  a nd g a s  m ig r a t ed upwa rd i n to the  po rou s rock wh e re i t  
wa s trapped b y  a l e s s  pe rme ab le barr ie r . 

The vo l ume o f  o i l  i n  a r e s e rvo i r  that  c a n  b e  prod u c ed b y  
pr i ma ry me tho d s  ( f l ow i ng a nd a rt i f i c i al l i f t )  v a r i e s  g re a tl y w i th 
many f a c tors . Th e mos t important  are : 

• Pe rme ab i l i ty ( ab i l i ty to pa s s  f l u id ) 

• Po ros i ty ( pe r c e n t  pore s pac e ) 

• V i s c os i ty ( th i cknes s ) of  the o i l  

• Re s e rvo i r  e n e rg y  ( f l u id e xpans ion , g a s  c a p , o r  u n d e r l y i ng 
wa t e r  res e rvo i r ) . 

O i l  c l i ng s  to s a nd gra i ns b y  s u r f a c e  t e ns i o n , wh i c h  i nc r e a s e s  
wi th o i l  v i scos i ty a n d  sma l l e r  g ra i n  s i ze . A l so , a s  wa t e r  i nvad e s  
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a n  oi l z o n e  o r  g a s  b ub b le s  accumu l a t e  i n  the po r e  s pa ce , t h e  rock 
po r e s  b e c ome l e s s  pe rme ab l e  to o i l ; i . e . , the o i l  t e n d s  to s t ay i n  
the por e  s pa c e  a nd not move i nto the we l l  b or e . T h e  who le t e c h n o l­
ogy o f  o i l  re covery h a s  the ob j e ct i ve o f  mov i ng a s  much o i l  a s  i s  
e conom i c a l l y  pos s ib le i n to the w e l l ,  wh e re i t  c a n  f l ow o r  b e  pumped 
to the  s u r f ac e . 

Re s e r vo i r  o i l  conta i ns some d i s so l ved gas . As  o i l i s  prod uced , 
rese rvo i r  pr e s s ur e  i s  r ed uced b y  f l u id e x pa ns io n ,  a l l ow i ng p a rt o f  
the  gas  t o  come out of  s o l u t ion i n  the  forma t ion , t h u s  i nc re as i ng 
o il v i scos i ty a nd i mped i ng f l ow . 

Re s e rvo i rs conta i n i ng only o i l ( f l u id e x pa ns i o n  d r ive ) r ap id l y  
decrease  i n  prod u ct i v i ty a s  r e s e rvo i r  pre s s ure de c l i ne s , c a u s i ng 
ve ry l ow pr ima ry r e c ove ry . Re s e rvo i rs w i t h  a s so c i a t ed g a s  c ap s  
have l onge r f l ow i ng l i v e s  a nd h igher pr i mary r e c ove ry vo l ume s , b u t  
h ig h e r  gas- to-o i l  p rod uc i ng r a t ios . Wa t e r  dr ive f i e l d s  a r e  
unde r la i n  w i th forma t ion wa t e r  i n  con t ig uou s pe rmeab l e  rock . T h e  
n a tural w a t e r  d r ive comes from t h e  e x pa ns ion of r es e rvo i r  wa t e r  
vo l ume s much l a rge r than t h e  o i l rese rvo i r ,  r e s u lt i ng i n  the  
h ig h e s t o i l  recov e ry of  the  three pr imary me ch a n i sms . A s  wa t e r  
i nvades  t h e  o i l  zone , la rge vo l ume s a r e  pro d u c ed w i th t h e  o i l , 
u s ua l l y  r eq u i r i ng a rt i f ic i al l i f t  a nd a l ways c au s i ng a w a t e r  
d i spos a l  prob l em . 

F .  P re s s ur e  Ma i n tenance and Second ary Re covery 

To l e ng th e n  the f l ow i ng l i fe o f  o i l  wel l s  a nd to i nc r e a s e  re­
c ov e ry ,  pres s ur e  ma i n t e n a nce may b e  s tarted e a r ly i n  the l i fe of  a 
f i e ld . Gas prod uced w i th the o i l  a nd not  u s e d  for s ur face ope ra­
t io ns i s  i nj e c t ed i n to the prod uc i ng f o rma t io n , u s ua l ly at the 
c re s t , to ma i n t a i n  p re s s ure a nd gravi tat i o n a l  s eg r ega t ion . A f t e r  
t re a tme n t , s e awa te r ,  prod uc ed wa t e r , o r  wa t e r  f r om s o u r c e  we l l s may 
b e  i n j e ct ed b elow t h e  o i l  zone . 

Many o i l f i e l d s  t h a t  we re prod uc e d  to pre s s ure d ep l e t i o n  b e came 
e conom i c a l l y  ma rg i n al . They h ave b e e n  res to r ed to p rod uc t ion a nd 
re cove rab le r e s e rves s ub s ta n t i al ly i ncreas ed b y  s e condary re covery 
me thod s .  

The e a rl i e s t  se cond a ry me thod was rep r e s s ur i ng w i t h  ex t r a ne ou s 
n a t u ral g a s , t r a n s po r t e d  from a nearb y  gas  f i e l d . D ue to the  
pr e s e n t  v a l ue of  g a s , s om e  g a s  i nj e c t io n  proj e c t s  fo r p re s s ur e  
ma i n tenance and secondary recove ry u s e  pa rt o f  the  g a s  i n  i n t e r n a l  
c omb u s t io n  e ng i n e  d r ive n compre s so rs a nd i nj e ct the  e x h au s t  ( i ne rt 
g a s ) i n to the  r e s e rvo i r .  

The mos t w id e l y  u s ed s e condary recove ry me t hod i s  wa t e r  f lood­
i ng .  A g r i d  p a t te r n  of  wel ls is es tab l i s hed , wh i c h  u s ua l l y  r e­
q u i r e s  d ow n ho l e  r e pa i r i ng o f  o l d  we l l s a nd d r i l l i ng o f  n ew we l l s . 
By i nj e ct i ng wa t e r  i n to the res e rvo i r  a t  h ig h  r a t e s , a front  o r  
wal l o f  wat e r  move s ho r i zon tal l y  from the i n j e ct io n  wel l s  t owa rd 
the prod uc i ng w e l l s , b u i l d i ng up the res e rvo i r  p re s s ur e  a nd sweep­
i ng o i l  in a f lood pa t tern . Wa t e r  f lood i ng h a s  s ub s t a n t i al l y 
improved o i l  recove ry from r e s e rvo i rs that  h ad l i t tl e  or no rema i n­
i ng r e s e r vo i r  pre s s ur e . 
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G .  Enhanced O i l  Recovery 

Enhanced o i l  re cove ry ( EO R )  i s  a l so c a l l e d  " te r t i a ry re cove ry " 
when i t  fo l l ows a s e cond a ry recovery prog ram . In a broad e r  sense , 
EOR may be re f e rred to a s  any me thod fo l l owing pr imary d e pl e t io n .  
Af te r pr imary and se cond ary e conom i c  depl e t ion , o i l  re s e rvo i r s  
s t i l l  con t a i n  s ig n i f i c a n t  vo l ume s of o i l . Th e 1 9 7 6  Na t iona l 
Pe tro l eum Co unc i l  ( N PC )  report , Enhanced O i l  Re cove ry , s ta t e s : 

Wh i l e  recov e ry i n  i nd i v i d ua l  res e rvo i rs i s  h ig h l y  v a r i ab l e ,  
the ave rage re c ov e ry from conve n t iona l pr ima ry a n d  s e condary 
recov e ry me thods in  al l U . S .  r e se rvoi rs is expe c t ed to b e  
only ab out one- th i rd o f  t h e  or i g i n al o i l i n  p l ac e , l e a v i ng 
nearly 3 0 0  b i l l i o n  b a rrels in cur r e n t l y  known re s e rvo i rs . 
A port ion of th i s  rema i n i ng o i l  i s  a targ e t for e nh a n c e d  o i l  
re cove ry . The res t ex i s ts in  u n f avo rab l e  g e o l og i c a l  o r  
geograph i c  reg ions o r  i s  s o  d i f fus e l y  spread out i n  the  
re s e rvo i r  rock that it  v e ry l i ke l y  wi l l  not be  recov e r ab le by 
any proc e s s . 

Th ere are  thre e gene r a l  c la s s i f i c a t ions o f  EOR : th e rma l , C02 
m i s c ib le flood i ng , a nd ch em i c a l  f l ood i ng . O f  t h e s e , o n l y  one of 
the thermal me thod s ( s team f lood i ng ) has had s e veral  l a rge- s c a l e  
comme r c i al appl i c a t i ons . Thermal proc e s s e s  ad d h e a t  t o  the  res e r­
vo i r  to red u c e  o i l  v i scos i ty or to pa r t i al l y v apor i z e the  o i l  so 
t h a t  it  can be mo r e  e a s i l y  d r iven to prod uc i ng we l l s . 

S t e am i nj e c t ion h a s  b e e n  appl i ed for seve r al y e a rs i n  
Ca l i forn i a  h e avy o i l  re s e rvo i rs ,  u s u a l l y  i n  two s epa r a te s t eps : 
s te am s t imula t ion of prod uc i ng we l l s , a nd t h e n  s te am d r ive from 
inj e c t ion we l l s  to nearb y  prod u c i ng we l l s . D u r i n g  the  f i rs t  s tage , 
cal led " h u f f  and p u f f , " o r  " s te am soak , " s te am a nd hot wa t e r  a re 
i n j e ct ed i n to a prod u c i ng we l l  for s everal  d ays o r  week s . T h e  we l l  
i s  shut i n  for s e v e r al days , a nd then prod uced for seve ral w e ek s  or 
months . The i n j e c te d  h e a t  lowe rs th e v i s c os i ty o f  the  o i l  wh i l e  
the ho t w a t e r  f l a s he s  to s te am ,  prov id i ng d r i v i ng e ne rg y .  " H u f f  
and pu f f "  may b e  fol l owed b y  a s te am d r i ve . 

I n  s i tu ( w i th i n  the r e s e rvo i r ) c omb u s t ion h a s  a l so b e e n  
e x tens ive l y  f i e ld t e s ted . He a t  is  g e nera ted i n  t h e  re s e rvo i r  b y  
i n j e ct ing a i r  a nd b urn i ng p a r t  of the c rude o i l  i n  the  forma t ion . 
Th i s  red uces the v i scos i ty ,  part ial ly vapo r i z es the  o i l  i n  p l a c e , 
and d r ives i t  forwa rd b y  a comb i na t ion of s t e am ,  hot  wate r , and g a s  
d r ive . Prod u c t ion i s  from we l l s n e a r  i nj e c t io n  loca t ions . I n  some 
app l i ca t i ons , water  a nd a i r  i n j e ct i ons a re a l t e r n a t ed . The i n­
j e c ted water  can improve ut i l i z a t ion of hea t b y  mov i ng i t  fo rwa rd 
from the rock immed i a t e l y  b eh i nd the c omb u s t ion z one . 

The r e  a re sev e r al C0 2 d i splaceme n t  proj e c t s  i n  va r iou s s tag e s  
o f  ope r a t ion . C0 2 i s  c apab le o f  mi sc ib ly d i s p l ac i ng some o i l s , 
thus pe rm i t t i ng recov e ry o f  mos t of the o i l  f r om t h e  re s e rv o i r rock 
that i s  con t a c t ed . Mi s c ib le d i splaceme n t  ( comp l e t e  so l ub i l i ty of 
f l u id s )  ove r comes the cap i l la ry fo rces  ( s ur f a c e  t e ns ion ) t h a t  
othe rwi se re t a i n  o i l  i n  por e s  o f  t h e  rock . T h e  C02 i s  n o t  i n i­
t i al ly m i sc ib le w i th the o i l , b u t  as the two contact  e ac h  o t h e r  a t  
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i ncreas i ng l y  h i ghe r pre s s ur e s  some of t h e  hyd ro c a rb o n s  o f  t h e  c rud e 
o i l a re v apor i z ed . A t  the d i splacement fron t , t he r e s u l t i ng m i x ­
t u r e  b e come s m i s c ib l e w i th b oth the C02 and the i n  s i t u  o i l . 

Large vo l umes o f  C02 a re req u i red for th i s  proc e s s . D ur i ng 
l a t e r  s tag e s , wa t e r  or i n e rt g a s  may b e  i nj e c t ed b e h i nd t h e  C0 2 
to ma i n ta i n  pre s s ure a nd prov ide d i s p l a c eme n t  e n e rg y . I n c re a s i ng 
amoun t s  of C0 2 w i l l  be prod uc ed w i th the o i l  a nd mu s t  b e  sepa­
r a t e d  for re i n j e c t io n  o r  d i spos a l . 

Chem i ca l  f l oo d i ng i s  t h e  mos t c omp l e x  a nd h a s  t h e  h i ghe s t  d e­
g r e e  of c omme r c i al a nd t echnolog i c a l  u n c e r t a i n ty o f  t h e  EOR pro­
ces se s , ye t may have t h e  gre a t e s t  pote nt i a l  for max imum re cove ry . 
Va r ious sy s tems h ave b e e n  ex t e ns ive l y  p i l ot tes ted a nd t h e r e  a re 
s eve r a l  f u l l - s i ze f i el d  app l i ca t ions unde rway . The  t h r e e  gene r a l  
type s o f  c h e m i c a l  f l oods a re : s ur f ac t a n t  ( s u r f a c e  t e ns i o n  red u c i ng 
agent ) ,  po lyme r ( o rga n i c  chem i c a l ) ,  a nd a l k a l i ne . 

S u r f a c t a n t  f lood i ng i s  a mu l t iple  s l ug proc e s s , i nvo l v i n g  the 
ad d i t io n  of s ur f ac t a n t s  to a wa t e r  vo l ume rep r e s e n t i ng o n l y  a sma l l 
fract ion of t h e  tot a l  r e s e rvo i r  vol ume . Whe n  t h i s  smal l " s l ug " i s  
i nj e ct ed i t  l owe rs the i nt e r f a c i al t ens ion b e twe e n  t h e  o i l  a nd 
wa t e r , the reby i mprovi ng d i s p l a c eme n t  e f f i c i e n c y . The s u r f a ct a n t  
i s  fo l l owed by a l a rg e r s l ug o f  wa t e r  conta i n i ng a h ig h- mo le cu l a r­
we i g h t  po l yme r to i mpr ove sweep e f f i c i e n c y  a n d  pre s e r ve t h e  i n teg­
r i ty of the cos t l y  s l ug of sur f a c t an t  ch em i c a l s . S u r f a c t a n t  
sys tems mus t b e  d e s i g n e d  for t h e  un ique f l u id a nd r o c k  prope r t i es 
o f  the spe c i f ic r es e rvo i r  a nd a re p i l ot tes ted to eval ua t e  
e f fe c t i ve n es s . 

Polyme r i n j e ct ion augme n t s  wa t e r  flood i ng . Po l yme rs u s ed are  
s yn th e t ic ( po l ya c rylamid e s ) a nd b i olog i c a l ly prod u c ed ( po l y­
s a c ch a r i d e s ) .  The s e  h i gh-mo le c u l a r-we i gh t  po lyme rs a r e  add ed to 
t h icke n i n j e c t ed wa t e r , d e c reas i ng i t s mob i l i ty ,  i nc re a s i ng s we ep 
e f f i c i e n c y , a nd t h u s  i nc re a s i ng r e cove ry .  The proc e s s  may b e  u s ed 
w i t h  h ig he r  v i scos i ty o i l s  t h a n  a re fe as ib le fo r the s u r f a c t a n t  
proc e s s , b ut t h e  pote n t i al add i t ional re cove ry ab ove c o nve n t io n a l  
wa t e r  f l ood may b e  mode s t .  Po lyme r f l ood i ng i s  b e i ng u sed c omme r­
c i al l y  on a l im i t ed s c a l e . 

Alka l i n e  f lood i ng ad d s  chem i c a l s  s u ch a s  sod i um hyd rox i d e , 
sod i um s i l i c a t e , a nd sod i um c a rbonate to f l ood wa t e r  to e nh an ce 
re cove ry b y  i nt e r fa c i a l t e n s ion red uct ion , s pon t a n e ou s  emu l s i f i ­
c a t io n , o r  w e t ab i l i ty a l t e ra t ion . T h e s e  m e ch a n i sms o c c u r  wh e n  
s u r f a ct a n t s  are  formed from the n e u t ra l i z a t ion o f  p e t ro l e u m  a c i d s  
b y  t h e  al k a l i ne ch em i c a l s . Al ka l i ne f l ood i ng i s  appl i c ab le 
pr i ma r i l y  to re covery o f  mode r a t e l y  v i scou s , l ow AP I g r av i ty ,  
n ap h the n ic type c rude oi l s , wh i c h  normal ly c o n t a i n  e noug h  n a t u r a l  
pe tro l eum a c ids  f o r  t h e  proc e s s . A l ka l i ne f l ood i ng h a s  h ad l e s s  
f i e l d  t e s t i ng t h a n  t h e  s ur fa c t an t  a nd po lyme r sys tems . 

H .  Ab a ndonme n t  

Whe n  prod uc t i o n  ope r a t ions are pe rma n e n t l y  ab a nd oned , s ur f a c e  
equ i pme n t  a nd ma te r i a l s  a r e  removed o r  l e f t  i n  p l a c e  i n  accordance  
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wi th surface  owne rs ' ag reeme n t s  and reg ul a tory r eq u i reme n t s . S ur­
face own e r s  may req ues t that improveme n t s  s u ch as roads a nd wa t e r  
we l l s b e  le f t  i n t ac t . Sma l l  b u r i ed p i pe l i ne s  ( we l l  f l owl i nes ) may 
b e  s a l va g ed or l e f t  i n  th e g round . The d egree  o f  s u r fa c e  r e s tor a­
t ion w i l l  va ry wi th the loca t ion . Whe n  a f ixed p l a t fo rm o f f s ho re 
i s  ab a ndoned , al l p i l i ng a nd w e l l  cas i ng i s  r emove d  to a d epth o f  
1 5  fe e t  b e l ow t h e  ocean f l oor a nd t h e  a re a  d r ag ged t o  c l e a r  t h e  
s i te o f  ob s t ruct ions . Al l wel l s  pe rma ne n tl y  ab a ndoned a r e  l e f t  i n  
a cond i t io n  to prev e n t  commun i c a t io n  be twe e n  a ny wa t e r- a nd 
hydrocarb on-be a r i ng zones pen e trated b y  th e wel l b ore . 

I f  a we l l  h a s  b e e n  produc ed , the t ub i ng i s  p u l l ed a nd s al vag ed . 
P rod uc t ion pe rforat ions o r  ope n ho le a re cove red w i t h  a c eme n t  pl ug 
extend i ng up i n to the  cas i ng . Th e we l lh e ad i s  s a l v a g ed a nd t h e  
produc t io n  ca s i ng a nd t h e  i nt e rmed i a t e  ca s i ng s tr i ng s  m a y  b e  c u t  
ab ove t h e  a n n u l a r  c eme n t  a nd s al vaged . I f  the  c a s i ng s tr i ng s  a re 
pul led , c eme n t  plugs  are se t to ove rlap the cu t c a s i ng t op , l e av i ng 
ceme n t  to e x t e nd ab ove a nd b el ow the c u t s . I f  more t h a n  one cas i ng 
s tr i ng e x t e nd s  to the s ur f ace ( s ur f a c e  ca s i ng a nd cond uc t o r  
cas i ng ) , c e me n t  i s  pumped d own the a n nu l u s  b e twee n the  two s t r i ng s . 
The la s t  ceme n t  pl ug i s  se t i n  the sma l le s t  ca s i ng s tr i ng t h a t  
extend s  t o  t h e  s u rface  a n d  i s  placed w i th t h e  c eme n t  top n e a r  the  
s ur face . 

The le ng th of e ach ceme nt p l ug s e t  i n  a n  ab a nd oned we l l  w i l l 
vary w i th the  wel l a nd app l i c ab l e r eg u l a tory r eq u i reme n t s . A f t e r  
e ach pl ug i s  p l a c ed , d r i l l i ng f l uid i s  c i rc u l a ted ab ove the  pl ug 
and we igh ted s u ch as to ove rb alance fo rma t io n  pre s s ure b e h i nd the  
c a s i ng at  that po i n t . 

The f i nal s t ep i n  ab a nd o nme n t  i s  to cu t of f the  s u r f a c e  a nd 
cond u c tor cas i ng a t  a n  appropr i a t e  d epth b e l ow t h e  s u r f ac e . On 
l a nd locat ions , t h i s  is  u s ua l ly b e l ow pl ow d e p t h  in  f a rm i ng a re a s  
or s i x  fe e t  i n  urba n  a re a s , i n  acco rdanc e wi th app l i c ab l e  r eg u l a­
t io ns . A f te r  cuto f f  o n  l a nd , a pla t e  i s  u s ua l ly we l de d  o n  top o f  
the cas i n g  for a s e a l  a nd a smal l h i gh-pres s ur e  v a l ve i ns t al l e d  for 
l a te r  de t e rm i n a t io n  i f  g a s  pr e s s ur e  has accumul a ted . T h e  ho le 
ab ove the we l l  is then f i l l ed a nd t amped . 

I f  a r e s e rve p i t wa s u s ed to s to r e  we l l  c u t t i ng s  a nd e x c e s s  
d ri l l i ng f l u id , t h e  c le a n  w a t e r  may b e  d r a i n ed of f o r  the  d r i l l i ng 
f l u i d  p umped i n to the  s u rf ace cas i ng a n n u l u s  i f  a l l owed b y  
appl i c ab le reg u l a t ions . A f ter the rema i n i ng mud a nd cu t t i ng s  a re 
d r i ed , the  r e s e rve p i t  d ikes a re l e ve l ed , a n d  t h e  mud i s  s c a t te red 
a nd p l owed unde r ,  o r  moved to a n  appr ove d  d i spo s a l  s i te .  Mud  a nd 
c u t t i ng s d i spos al i s  d i s cu s s ed i n  the E n v i ro nme n t a l  Cons i d e ra t ion s 
sect ion of th i s  ch ap te r .  U s ab le d r i l l i ng f l u i d  i s  v a l uab le a nd i s  
u s u al l y  moved b y  t a nk t ruck to another d r i l l i ng s i te o r  to a n  
approv ed s torag e  s i te .  

NATURAL GAS PROCE S S I NG 

Econom i c al l y  re c ove r ab le n a t ural g a s  o c c u rs i n  pe t ro l e u m  
res e rvo i rs e i the r d i s so l ved i n  t h e  c r u d e  o i l , a s  a g a s  cap ab ove 
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the o i l , or a s  a g a s  t r apped i n  a rese rvo i r  n o t  a s so c i a t e d  wi th 
o i l . The r aw g a s  from t he s e  thr e e  sour c e s  c a n  be g a th e red f o r  
proc es s i ng to e x tr a c t  prod u c t s  to b e  ma rke t ed a s  l iq ue f i ed 
pe troleum gas  ( LPG ) a nd n a tu r a l  gaso l i ne as s hown i n  F ig ur e  2 1 .  

Whe n  pe trole um r e ach e s  the surface  a nd d i s c h a rg e s  i nto a g a s /  
o i l  separa tor a t  red uc e d  pr e s s ure , mos t o f  t h e  g a s  d i s so l ved i n  the 
o i l w i l l  b e  rele ased . Whe n  gas we l l  p r od uc t ion expand s  i nto a 
gas/o i l  s epar a to r , pa r t  of the  h e avy hyd rocarb ons t h a t  may have 
b ee n  in  the  gas  phase in  the res e rvo i r  w i l l  cond e ns e  a nd s ep a r a t e  
as a l iq u id , c a l l ed conde ns a t e . 

A l l form at ion g a s  contains  some water  i n  s o l u ti o n . Whe n  pres­
s ur e  is  pa r t i al l y  r e l e ased at  the  s ur f ac e , c au s i ng a r ap id d r op i n  
tempe r a t ur e , the  e n tra i n ed wat e r  can c omb i n e wi th th e gas  t o  form 
s o l i d  hydr a tes , wh ich c a n  p l ug a g a the r i ng l i n e . De hyd r a t io n  un i t s  
are u s ual l y  i ns tal l ed i n  t h e  f i e l d  to d ry t h e  g a s  s u f f i c i e n tl y  to 
prev e n t  hyd r a te fo rm a t ion by l ow- tempe rature sepa ra t ion , g lycol 
con t a c t ,  or d r y  d e s i c can t . 

I f  the  pro d uc ed gas  i s  sour ( conta i n i ng H 2 S a nd /or C0 2 ) ,  
t hese  contam i n a n t s  m u s t  b e  removed b e fore proce s s i ng o r  ma rk e t i ng . 
Th i s  removal i s  u s ua l l y  ac comp l i shed b y  chem i c a l  ab s o rp t ion , w i th 
am i ne or pot a s s iu m  c a rb o na t e . The proce s s  i s  r ev e rs ib l e , t h e  
chem i cal s b e i ng r e g e n e r a t ed a nd re-u s ed . T h e  C0 2 r e s id ue c a n  b e  
d i sch a rg ed a nd t h e  H 2 S may b e  f l a red , f o rm i ng s u l f ur d i o x i d e  
( S02 ) .  I f  S0 2 f lar i ng i s  n o t  pe rmi s s ib le ,  i t  c a n  b e  conve r t ed 
to el eme n t al s u l f ur for s a l e  or d i spos a l . 

Natural  g a s  cont a i ns a m i x tu r e  of hydrocarb o n  mo l e c u l e s , 
ident i f i ed b y  the numb e r  o f  carb on a toms i n  t h e  mo l e c u l e . The 
l ig h t es t  i s  me thane ( Cl ) ,  w i th a g a s  spe c i f ic g r av i ty of 0 . 5 5 ,  
a nd the h e av i es t i s  de cane ( C l o ) ,  w i th a g a s  s pe c i f ic g ravi ty of 
4 . 9 1 .  Howeve r ,  hyd roca rb ons ab ove the C 2 - C 3 r a ng e  compr i se a 
ve ry smal l per c e n t a ge o f  " na t ural gas " even t hough hyd r o c a rb ons o f  
g re a t e r  t h a n  C 1 0  c a n  b e  fo und i n  i so la ted a re a s . E a ch h a s  a d i f­
fe ren t  spe c i f ic g r av i ty a nd b o i l i ng po i n t ,  wh i ch pe rmi t s  s epa rat ion 
by fr act ional d i s t i l la t io n . The pe rcen tage of each c ompo n e n t  in a 
raw gas s tr e am may va ry w id e l y . Some pro d u c ed ga s d o e s  n o t  have 
e nough he avy c ompo n e n t s  to j u s t i fy separa t ion . 

Th e r e  a re approx i ma tely 7 7 0  gas  proce s s i ng p l a n t s  i n  the  Un i t ed 
S t a te s , of wh i ch · ove r 7 0  pe r c e n t  are i n  T e xa s , Lou i s i a n a , a nd 
Oklahoma . Comme r c i a l  n a tu r al g a s  proce s s i ng p l a n t s  are  de s ig ned to 
extract  pa r t  of the  e th a n e  ( C2 ) a nd h e a v i e r  compone n t s  for s a l e  
a s  l iq u i d s , l e av i ng t h e  me thane a nd part  of t h e  e th a ne fo r s a l e  a s  
gas . Th e g a s  so l d  u s ual ly h a s  a he a t i ng v a l ue o f  appro x i ma t e l y  
1 , 0 0 0 Br i t i s h  the rmal u n i t s ( B tu ) pe r s ta nd a rd c ub i c  foot , wh i c h  i s  
t h e  h i s to r i c al b a s e  for gas  con tract s . T h e  LPG r e c ove red m a y  b e  
s o l d  t o  a ref i n e ry a s  a fe ed s tock o r  fract iona t ed i nto c omme r c i a l  
LPG prod u cts a nd na t ur al ga so l i ne . The f l ow o f  na t u r a l  g a s  t hrough 
proce s s i ng i s  s hown in the s impl i f i ed d i ag r am i n  F ig ur e  2 1 .  

I t  i s  ne i th e r  pr a c t ical nor nece s s a ry to s ep a r a t e  LPG e x a c t l y  
i n to t h e  b a s i c  compone n t s . The prod ucts are  so l d  s ub j e ct t o  Natu­
ral G a s  P r oce s so r  A s so c i a t ion s tand a rd s  a nd contract  s pe c i f ic a t ion , 
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wh i ch al l ow for some to le ra n c e  i n  c ompone n t s . The  u s ua l  prod u c ts 
prod u c ed by a f r ac t iona t i ng p l a nt a re :  

Prod u c t  

E th a ne 
P r op a n e  
I sob utane 
Normal But ane 
Pe n t a n e  a nd He a v i e r  

A tmos phe r i c  P r e s s ur e  
Bo i l ing Po i n t  ( ° F )  

- 1 2 8  
- 4 4  

1 1  
3 1  

8 2- 2 5 0  

The pe n t a n e  a nd h e a v i e r  prod u c t  wi th some b utane  i s  c ommon l y  c a l l e d  
n a tural  g a so l i ne , wh i c h  c a n  be s to r ed a t  a tmos phe r i c  p r e s s ur e  i n  
tanks . 

Conve n t ional g a s  pro c e s s i ng p l a n t s  e x tr a c t  LPG f rom t h e  r aw gas  
s tr e am b y  ab sorp t ion in  a l i g h t  ref i ned oil  or b y  c ryog e n i c  s ep a ra­
t ion . The raw g a s  e n t e rs t h e  b ot tom of a towe r eq u ipped w i th 
seve r al leve l s  o f  trays w i th b ubb le cap s . Wh i l e  the g a s  pa s se s  up­
ward a nd out  the top of the towe r , the l e a n  ab sorb e r  o i l i s  pumped 
in the top , s p i l l i ng f r om t ray to tray wh e re i t  i n t ima tely c o n t ac t s  
the r i s i ng gas , ab sorb i ng a l l  e x c ep t  th e me t h a n e  a n d  pa r t  o f  t h e  
e th ane a nd propa n e . G a s  l e av i ng t h e  top i s  c a l led res id ue g a s  a nd 
i s  r e ady for s a l e  a f t e r  de hyd r a t ion . 

Conve n t ional ab sorp t ion p l a n t s  ope ra t i ng a t  9 0 °  to 1 0 0 ° F re­
c ove r u p  to 8 5  p e r c e n t  o f  the propane but v e ry l i t t l e  e th a ne . Wh e n  
econom ic al l y j u s t i f i ab le to reduce t h e  l e a n  o i l  t empe r a ture , ab o u t  
1 5  pe r c e n t  of t h e  e thane c a n  b e  recove red a t  0 ° F a nd 6 0  pe r c e n t  a t  
-4 5 ° F .  Mod e r n  t urbo- e x pa nde r p l a n t s  ope r a t i ng a s  l ow a s  - 1 3 0 ° F  c a n  
recov e r  5 0  to 9 0  pe rce n t  o f  the e th a ne . 

The  l i q u id d r awn from t h e  ab s o rb e r i s  now a r i ch o i l  c o n t a i n i ng 
a sma l l  amount o f  me thane , wh i ch mus t  b e  r emoved b e fore b e i ng c a r­
r i ed ov e r  i n to t h e  LPG produc t s .  The  me thane pre s e n t  i n  t h e  d i s­
t i l la t e  i s  removed b y  f la sh i ng the d i s t i l la t e  b a ck to gas , t h e n  
cond e ns i ng a t  a tempe r a tu r e  t h a t  wi l l  not c ap t u r e  me t h ane . Th i s  
proc e s s  i s  c a l l ed deme tha n i z i ng . 

The prod u ct i s  n ow ma rke t ab le a s  " raw make . "  I f  the p l a n t ma r­
ke t s  the u s ua l  LPG prod u c t s  a nd n a tu r al gaso l i ne , t h e  r aw make i s  
pa s sed t hrou g h  a s e r i es o f  fract ion a t ion towe rs , e a c h  s uc c e s s ive l y  
r emo v i n g  a l ig h t  compon e n t  a s  s hown o n  t h e  n e x t  p ag e . 

These fract iona t io n  s teps are id e n t i c a l  e x c ep t  fo r va r i a t ions 
i n  towe r tempera t u r e  g rad i e n t  and tempe r a t u re o f  the overh e ad con­
d e nse r .  Feed s tock i s  i nj e c ted i n to the s id e  of a towe r , wh i c h  i s  
ma i n t a i ned w i th a tempe ra t ure g r ad i e n t  from hot t e r  a t  the b o t tom to 
c oo l e r  at the top . L i q u i d  drawn from t h e  b ot tom of the towe r i s  
hea ted to ab ove t h e  b o i l i ng poi n t  o f  the prod u c t  t o  b e  removed a nd 
the v apor i nj e ct ed b ac k  i nto the towe r whe re i t  r i s e s  and goes ou t 
the top . The l e a v i ng vapo r  goes through a condense r ,  wh i ch coo l s  
i t  b e l ow t h e  bo i l i ng po i n t o f  t h e  heav i e r  compo n e n t s , wh i c h  a re 
pumped b a c k  i n to t h e  towe r n e a r  the top . The  l i g h t e r  fra c t ion i s  
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t h u s  sepa ra ted , cond e nsed , a nd p umped to a pre s s ur e  v e s s e l  f o r  
s to rage and s a le fo r f u e l  o r  pe troch em i c a l  f e e d s tock s . Th e h e a v i e r  
b ot tom product  pa s s e s  to t h e  nex t fract ion a to r  u n t i l  t h e  f i nal 
res id ue i s  pe n t a n e  a nd h e a v i e r  ( na t u r a l  g a so l i ne ) ,  wh i ch i s  a 
re f i ne ry feeds tock . 

Frac t ion a tor 

De-etha n i z e r  

Depropa n i z e r  

Deb u tan i z e r  

De- i sob u tan i z e r  

Feeds tock Top 

Raw make or E th a ne 
LPG 

Raw make or Propa ne 
de-e tha n i z ed 
propane and 
h e av i e r  

Depropa n i z ed B u t a n e  m i x  
b u t a n e  a nd 
h e av i er 

B u tane  m i x  I sob u tane 

Prod u c t  
Bot tom 

P ropan e  a nd 
he av i e r  

B u t ane a nd 
h e a v i e r  

P e n t a n e  a nd 
h e av i e r  

( na t u r a l  g a so l i ne ) 

No rm a l  b u ta ne 

The m i n imum a r e a  req u i red ( a nd spac i ng req u i reme n ts ) for g a s  
proc es s i ng fa c i l i t i e s  i s  d i c t a t ed b y  s a fe t y  r eq u i reme n t s . Th e s e  
req u i r eme n t s  are de s c r ib ed i n  the I nd u s tr i al R i s k  I n s ur e r ' s  1 9 7 8  
pub l i ca t ion , Re commended G u i d e l i n e s  for Gasol i n e  P l a n t s . A sma l l  
g a s  f i eld , wh e re sepa r a tors , d e hyd r a t ion , c ompr e s s ion , a nd s a l t  
wa t e r  d i spos al are  r eq u i red b u t  g a s  proc e s s i ng i s  no t j u s t i f i ed , 
need s  ab ou t seve n a c re s  for these fac i l i t i e s . A f u l l s c a l e  
proces s i ng p la n t  f o r  ab sorpt ion a n d  fra c t iona t i on requ i re s  ab o u t  
4 0  a c res . 

Ai r em i s s ions from a n a tural  g a s  proce s s i ng p l a n t  are  pr ima r i l y 
prod u c t s  o f  comb u s t ion from h e a te r s , i n t e r n a l  c omb u s t i on e n g i ne s , 
a nd s u l fur re cov e ry proce s s e s . P l a n t s  are  prov i d e d  w i th f l a r e s  fo r 
sa fe ly d i spos i ng o f  g a s  or l iq u i d prod u c t s  d u r i ng a n  ope r a t ional  
upse t wh e n  pre s s ur e  ve s se l s  m u s t  b e  r e l i eved s ud d e n l y . On t h e s e  
rare occas ions , f lare s m a y  b ur n  w i th a v i s ib le f l ame . 

Normal p l a n t  ope r a t ion req u i res few wa t e r  d i sc h a rg e s . S ome 
p lants  have wa t e r  from coo l i ng towe r b ot toms for d i s pos a l . I f  t h e  
f u l l u n s e p a ra ted s tr e am from g a s  w e l l s  f l ows t o  a p l a n t ,  t h e re may 
b e  prod u c ed wa t e r  for d i spos al . Was te wa t e r  sourc es a nd d i sposal  
a re d i sc u s sed in  the Env i ronme ntal Cons id e r a t i o ns s e c t ion of t h i s  
c h ap te r . 

Normal p l a n t  ope r a t ions ge nerate  a w i d e  var i e ty o f  so l id 
wa s tes . D i spo s a l  may b e  b y  i n c i n e ra t io n , l a nd f il l  b ur i al , o r  
comme r c i al d i spos al . 

The 1 9 7 5  Ame r i c a n  Pe tro l eum I ns t i t ut e  ( AP I ) D i v i s ion o f  
Prod uc t ion p ub l i ca t io n , Recomme nded G a s  P l a n t  Good Ope ra t i ng 
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P ra c t i ces  for P r o te c t ion o f  the E nv i ronme n t , i s  a compos i te o f  
recommend ed i nd u s try o n s ho r e  g a s  proce s s i ng p l a n t  ope r a t i ng 
pra c t ices  for prote c t ion of the e nvi ronme n t . P l a n t  proc e s s es a nd 
s to r ag e  fac i l i ty r e comme nd a t ions are de sc r ib ed i n  t h e  appe nd i c e s  to 
tha t p ub l i ca t ion . 
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U . S .  RES OURC E BASE 

The que s t io n  of the amo unt o f  d ome s t i c o i l  a nd gas t h a t r ema i n s  
to b e  prod uced can b e  a so urce  of con f u s i o n  a n d  app a r e n t  c o n t r ad i c ­
t ion . Many compan ie s ,  pr ivate g roups , a n d  g ov e r nme n t  ag e nc ie s 
pub l i sh e s t imate s o f  the rema i n ing dome s t i c  pe t ro l e um r e s o u rc e s , 
each  a t temp t i ng to a c c ur a t e l y  repre sent  the n a t io n ' s  u n tapped 
pe trol e um resour c e s . Ea ch e s t imate may b e  v a l id , f o r  e a c h  may b e  
me a s ur i ng d i f fe r e n t  t h i ng s . An e s t ima te may a t tempt to ans we r  a 
que s t io n  a s  narrow a s  the e x t e n t  o f  prove n  r e s e rv e s ,  o r  a s  b ro ad a s  
t h e  amo un t o f  o r ig i n a l  o i l  i n  plac e . Wh i l e  t wo s uc h  f i g ur e s  wo u l d  
v ary s ig n i f i c an tl y  ( probab ly b y  a n  o rd e r  o f  mag n i t ud e ) , e ac h  wo u l d  
b e  va l id in  te rms o f  wha t  i s  be ing e s t ima ted . 

A numb e r  o f  i nd e pe nd e n t  a s s e s smen t s  o f  d i f fe r i ng re so urce c l a s­
s i f i c a t ions , a l l  con s i d ered componen ts o f  the  t o t a l  u.s. r e so u r c e  
ba se , a re pre s e n t ed i n  t h i s  s e c t ion . Th e N PC pre s e n t s  the se e s t i ­
mates a s  i nd i c a t iv e  o f  t h e  many o b j e c t i ve and impa r t i a l  e s t ima t e s  
of t h e  to ta l U . S .  re source base , b u t  the i r  i nc l u s ion doe s not 
d enote N PC e nd o rsemen t .  Fur ther d i sc u s s ion o f  t he po te n t i a l  
Ala s ka n  re se rve s i s  found i n  the N PC ' s 1 9 8 1  r e po r t ,  U . S .  A r c t i c  O i l  
a nd Ga s .  

CONVENT IONALLY PROD UC IBLE O I L  AND GAS 

In a 1 9 81 r e po r t  e n t i t l e d  E s t ima t e s  of Und i scovered Re cove r a b l e  
Re sources o f  Conve n t iona l ly Prod uc i b l e  O i l  and G a s  i n  the  U n i t e d  
S tates , A S umma ry , the  U S G S  e s t ima ted und i scovered r e c overabl e 
r e sources  for 1 5  pe t ro l e um reg ions ( 1 1 onshore and four o f f shore ) 
in t he lowe r 4 8  s ta te s  and Al aska ( se e  F i g ur e  2 2 ) .  Und i s cove r e d  
r ecove rable  resour ce s ,  by USGS d e f i n i t io n , c an b e  e x t r a c ted e conom­
i c a l ly und e r  e x i s t i ng techno logy and pr i c e/co s t  r e l a t ionsh ips -­
tha t i s ,  a s s um i ng no rma l , sho r t- t e rm technolog i c a l  g rowth . l 
The s e  resources  are i nd i ca ted by the s h ad ed a r e a  o n  F i g ur e  2 3 .  Th e 
o ther c l a s s i f i c a t i ons o f  pe t ro l e um reso u r c e s  no t a s s e s s e d  i n  the 
USGS s t udy i n c l ud e  the fol lowing : 

• Mea s ured re s e rve s : " . • •  t h a t  part  o f  the  id e n t i f i ed r e­
sour c e  wh i c h  c a n  be e conomi c a l ly e x t r a c te d  u s ing e x i s t ing 
techno logy , and whose amo un t is  e s t ima ted f rom g eo log i c  
ev idence  s uppo r te d  d i re c tly by e ng i n e e r i ng me a s u r em e n t s . "  

• I nd i c a te d  re s e rve s : " • . .  r e s e rv e s  t h a t i n c l ud e  ad d i t io n a l  
recove r i e s  f rom known re servo i r s  ( i n e x c e s s  o f  meas ured 
rese rve s )  wh i c h  e ng i neer ing know l e d g e  and j ud gme n t  i nd i c a te 
w i l l  b e  e conom i c a l l y  ava i l a b l e  by appl i c a t io n  o f  f l u id 
i n j e c t io n  wh e th e r  o r  not such a prog ram i s  c u r re n t l y  
i n s t a l l e d . "  

• I nf e rred r e s e rve s : " • . .  r e se rv e s  i n  add i t io n  to d emon­
s t ra t ed r e s e rves event u a l ly to be added to known f i e l d s 
through e x te n s ion , rev i s ions , a nd new pays . "  
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Reg ion 1 A, Alaska Offshore; 
Region 2 ,  Pacif ic Coast; 
Region 2A, Pac if ic Coast Offshore; 
Region 3,  Colorado Plateau and Basin and Range; 
Region 4, Rocky Mounta ins and Northern Great P la ins ;  
Reg ion 5,  West Texas and Eastern New Mexico; 
Reg ion 6 , Gu lf Coast ; 
Reg ion 6A, Gu lf of Mexico; 
Region 7, M id-cont inent ;  
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Region 9, Eastern I nterior; 
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Water depth g reater 
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1 

Fig ure 22.  Maps Showing  the Regional  Boundari es Used by the U .S .  Geolog i ca l  S u rvey . 

NOTE: The Un ited States has not resolved its offshore boundaries with other states concerned . The l i n es on  th is  chart a re for 
purposes of i l l ustrat ion on ly , and no not necessari ly reflect the pos i t ion or v iews of the Un ited States with respect to the 
boundary involved . 

SOURCE: U .S .  Geological Survey, Estimates of Undiscovered Recoverable Resources of Conventionally Producible Oil and Gas 
in the United States, A Summary, February 1 98 1 . 
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------- INCR EASING GEOLOGIC ASSU RANCE ----------

F i g u re 23. Petro l e u m  Resou rce C lassif icat ion ( M od if ied from U . S .  B u reau of M i nes 
and U .S .  Geologica l  S u rvey, 1 980) . 

SOURCE: U .S. Geological Su rvey, Estimates of Undiscovered Recoverable Resources of Conventionally Producible Oil and G as 
in the United States, A Summary, February 1 981 . 

• I d en t i f i e d  su b-e conom i c  resource s : " . . .  known r e so u rc e s  
tha t may become recoverable a s  a re s u l t  o f  c h a n g e s  i n  tec h­
nolog i c al or e c onom i c  cond i t ions . "  

• S ub-e conom i c  und i s covered resource s : " . . .  q u a n t i t i e s  o f  a 
resource e s t ima ted to e x i s t  outs id e known f i e l d s  on the 
bas i s  o f  b ro ad g eo l og i c  knowl ed g e  and theory . "  

US GS d e f i ned c r ud e  o i l  a s  a m i x ture o f  hyd roc a rbons o c c u r r i ng 
in  an und e rg round r e s e rvo i r in  a l i qu id s ta te a nd rema i n i ng i n  a 
l iqu id s t a te a s  i t  i s  prod u c ed f rom we l l s . Na t u r a l  g as wa s d e f i ned 
as a m i x t ur e  of h yd rocarbons oc c urr i ng in an u nd e rg ro u nd re s e rvo i r  
e i ther i n  a s so c i a t ion wi th c rud e o i l  o r  a s  f r e e  g a s  d i s so l ve d  in 
c rud e o i l , or i n  a f r e e  s ta t e  not a s soc i a te d  wi th c r ud e  o i l . He avy 
o il depos i ts ,  t a r  sand s , o i l sha l e , t ig h t  g as s a nd s , g as o c c l ud ed 
i n  coa l , gas  i n  g e opre ss ured shal e s  and b r i ne s , and n a t ur a l  g a s  
hyd ra te s  we r e  not inc l ud ed in  the USGS a s s e ssme n t . 

US GS s ub d i v id ed the 1 5  pe t ro l e um reg ions i n to 1 3 7 p rov i n ce s . 
Asse s smen t s  o f  e a c h  prov i nc e  wer e  based on a r e v i e w  o f  the pro­
v ince ' s  pe t ro l e um geo l ogy , e xp l o r a t i o n  h i s tory , vol ume t r i c-y i e l d  
proc ed ure s , f i nd i n g-rate s t ud ie s , and s tr uc t u r a l  ana lyse s . Be c a u s e  
o f  the unc e r ta i n t i e s  i nvolved i n  e s t ima t i ng und i s c ov e r ed re so u r ce s , 
USGS u s ed a range o f  va l ue s  corre s pond i ng to d i f f e r e n t  probab i l i ty 
l ev e l s . In i t i a l  a s se s sme n t s  we re made a s  fol lows : 

• A l ow r e so u r c e  e s t imate corre spo nd i ng to a 9 5  p e r c e n t  prob­
ab i l i ty of more than tha t amo un t ;  t h i s  e s t ima te i s  t h e  9 5t h  
frac t i l e  ( F g 5 ) .  

1 0 7  



• A h ig h  r e so u r c e  e s t im a te correspond i ng to a 5 p e r ce n t  prob­
ab i l i ty of more than tha t amoun t ;  th i s  e s t ima te i s  the 5 t h  
frac t i l e  ( F s ) . 

• A mod a l  ( " mos t  l ike l y " ) e s t imate of the q u a n t i ty o f  r e so u r c e  
a s soc i a t e d  w i t h  t h e  g r e a te s t  l i ke l i hood o f  occ urrence . 

The re s ul t s  o f  the  USGS a s s e s sme n t  d emons t r a t ed a rang e o f  co n­
vent iona l ly prod u c i b l e  und i scovered o i l  and g a s  r e so u r c e s  for the 
Un i ted S t a te s .  Th e 9 5  percent p robab i l i t ie s  for c r ud e  o i l  a nd 
n at ur a l  g a s  are  6 4 . 3 b i l l ion barre l s  and 4 74 . 6 t r i l l ion c ub i c  f e e t  
{ TC F ) , r e s pe c t i ve ly , whe r e a s  t h e  5 percent probab i l i t y  va l ue s  are 
1 0 5 . 1 b i l l ion barre l s  and 7 3 9 . 3 TCF o f  gas ( se e  Ta b l e  1 6 ) . The 
USGS ' s  mos t  l i ke ly e s t ima te s  i nd i c a te to t a l  onshore und i scove r e d  
recov e r ab l e  r e sou r c e s  o f  5 4 . 6  b i l l ion barr e l s  o f  c r ud e  o i l  a n d  
4 2 6 . 9  TC F o f  na t ur a l  g a s , a n d  a to t a l  o f f shore re source b a s e  o f  
2 8 . 0 b i l l �on barr e l s  o f  c rud e o i l  and 1 6 7 . 0 TCF o f  n a t u r a l  g a s . 
The me an to t a l  amo un t  o f  o i l  appr a i sed for t h e  e n t i r e  Un i te d  S t a t e s  
a nd i t s  o f fshore areas  chang ed v e ry l i t t l e  f rom t h e  1 9 7 5 USGS 
a s s e s smen t ,  whe r e a s  the e s t ima ted to t a l  for n a t ur a l  g a s  ha s 
increased . 

Th e N PC cond u c ted a n  i nd epe nd e n t  a s s e s sme n t  o f  o i l  and g a s  
re sources for a l l  are a s  i n  Al a s ka und e r  u . s .  j ur i sd i c t ion nor t h  o f  
the Al e u t ian I s l and s o f f shore , a nd nor t h  o f  t h e  Brooks Ra ng e 
onshore . The NPC e s t ima te s the  vol ume o f  und i s covered po t e n t i al ly 
recove rab l e  hyd roc arbons o n  the No rth S l ope o f  Al a s ka to b e  1 2 . 8 
b i l l ion barre l s  o f  o i l equ iva l en t ( BBOE ) , and f rom t h e  Be r in g , 
Be aufo r t , a nd Ch u kc h i  reg ions o f fshore to be 3 0 . 8 B BOE . Wh i l e  
these e s t ima te s are  not s tr i c t ly comparab l e  [ e . g . ,  USGS e x c l ud e s 
n a t ur a l  g a s  l iqu i d s  ( NGL ) a nd i n  some i n s t a n c e s  USGS a nd the N PC 
con s id ered d i f f e r e n t  m i n imum f i e ld s i ze s ] , t h e r e  i s  g en e r a l  
agreeme n t  be twe e n  t h e  NPC a nd USGS on to t a l  Arc t i c  po te n t i a l . 
De ta i l s  o f  the N PC ' s  a s s e s sme n t  are p ub l i sh ed i n  i t s  1 9 8 1  r e po r t , 
u . s .  Arc t i c  O i l  and Gas . 

Be s id e s  those r e sour c e s  tha t are pre se n t l y  e co nom i c a l , u n ­
d i scovered , a n d  recoverabl e ,  there are  o t h e r  c l a s s i f i c a t io n s  o f  o i l  
a nd g a s . Th e marg i na l l y  econom i c  a nd s ub-e conom i c  c a tegor i e s o f  
und i scovered re sourc e s  add a cons iderable  amo u n t  t o  t h e  e s t ima te s 
o f  the u.s.  r e so u r c e  base . Tig h t  g a s  rese rvo i r s  and enhanced o i l  
proc e s s e s  are  two e x ampl e s  o f  t h e  l a t t e r  c l a s s i f i c a t ion a nd a r e  
d i s c u s s e d  be l ow . 

T I GHT GAS RES ERVO I R  POTENT IAL 

In 1 9 8 0  the NPC comp l e ted an a s se s sme n t  of po ten t i a l  r e source s 
a nd re cov e ry f o r  t ig h t  g a s  reserv o i r s  ( Unconve n t ional  Gas S o u r c e s  
-- Vo l ume V ) . Th e N PC appra i s ed i n  de ta i l  1 2  bas i n s , wh i c h  co n­
t a ined n a tural g a s  in e i th e r  bl anke t or l e n t i c u l ar f o rma t i ons , w i th 
an in  s i t u  e f f e c t ive perme ab i l i t y  o f  l e s s  than on e m i l l id ar cy . 
Un t i l  recently , mos t  o f  these forma t ions have b e e n  une conom i c a l  to 
prod uce d ue to the l ow n a t u r a l  f l ow r a t e s  o f  the  g a s . None the l e s s , 
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TABLE 1 6  

E s t imates of Undi scovered Recoverab l e  O i l  
and Gas Resources by P etro l eum R egion* 

Crude Oil Natural Gas 
( Bi l l ion Barr e l s ) ( Tr i l l i on Cubic F eet ) 

Low H i gh Low H i gh 
Petrol eum Regions Ig st  Is_ Mean Ig st  Is_ Mean 

Onshore Regions 

- A l aska 2 . 5  1 4 . 6  6 . 9  1 9 . 8  62 . 3  3 6 . 6  
2 - Pac i f i c  Coast 2 .  1 7 . 9  4 . 4  8 . 2  2 4 . 9  1 4 . 7  
3 - Colorado Plat eau , 

Bas i n and Range 6 . 9  2 5 . 9  1 4 . 2  5 3 . 5  1 4 2 . 4  9 0 .  1 
4 - Rocky Mounta ins and 

North ern Great Plai ns 6 . 0  1 4 . 0  9 . 4  2 9 . 6  6 9 . 0  4 5 . 8  
5 - West Texas and Ea s t ern 

New Mexico 2 . 7  9 . 4  5 . 4  2 2 . 4  7 5 . 2  4 2 . 8  

6 - Gu l f  Coas t  3 . 6  1 2 . 6  7 .  1 5 6 . 5 2 49 .  1 1 2 4 . 4 
7 - Mid-Cont i nent 2 . 3  7 . 7  4 . 4  2 2 . 9  8 0 . 8  4 4 . 5  
8 - Mich i gan Ba s i n  0 . 3  2 . 7  1 • 1 1 . 8 1 0 . 9  5 .  1 
9 - Eastern Interior 0 . 3  1 .  9 0 . 9  1 . 2  5 . 0  2 . 7  

1 0  - Appal a ch i ans 0 .  1 1 .  6 0 . 6  6 . 4 4 5 . 8  2 0 .  1 
1 1  - Atlant i c  Coas t  0 . 1  0 . 8  0 . 3  < 0 . 1  0 . 4  0 .  1 

Tota l  Onshore 4 1 . 7 7 1 . 0 5 4 . 6  3 2 2 . 5  5 6 7 . 9  4 2 6 . 9  

O f f s ho r e  Regi o n s  ( Sh e lf and Slope ) 

1 A  - Alaska§ 4 . 6  2 4 . 2  1 2 . 3  3 3 . 3  1 0 9 . 6  6 4 . 6 
2 A  - Pac i f ic Coas t  1 . 7  7 . 9  3 . 8  3 . 7  1 3 . 6  6 . 9  
6A - Gul f  of M exico 3 .  1 1 1 • 1 6 . 5  4 1 . 7  1 1 4 . 2  7 1 . 9  

1 1 A - Atlantic Coa s t  1 • 1 1 2 . 9  5 . 4  9 . 2  4 2 . 8  2 3 . 6 

Total O f f shore 1 6 . 9  4 3 . 5  2 8 . 0  1 1 7 . 4  2 3 0 . 6  1 6 7 . 0  

TOTAL UN I'rEo STATES 6 4 . 3  1 0  5 .  1 82 . 6  4 7 4 . 6  7 3 9 . 3 5 9 3 . 9  

LOWER 4 8  ONSHORE 3 6 .  1 6 2 . 0  4 7 . 7  2 8 8 . 6  5 2 5 . 9  3 9 0 . 3  

LOWER 4 8  OFFSHORE 8 . 7  2 5 .  1 1 5 . 8  6 6 .  1 1 4 8 . 2  1 0 2 . 4
. 

*Totals may no t add due to rounding .  
t p9 5  denotes th e 9 5 th fract il e ;  the probab i li ty of mor e  than t h e  amount Fg 5 i s  9 5  

p erc ent . F5 i s  def ined s imi l a r ly . § Inc ludes quant i t i es cons ider ed r ecoverab l e  only i f  technology permits th e i r  exploi­
tat ion beneath Ar ctic pack i c e  - - a condition not yet met . 

SOURCE : u . s .  Geo logical Sur v e y , E s t imates of Undi scovered Recoverab l e  Resources of 
Conventiona l ly Produc i b l e  O i l  and Gas in the United States , A Summary , February 1 9 8 1 .  
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t he se 1 2  b a s i n s  a c cou n t  for 3 5  percent  o f  the total  U . S .  a re a  
( l owe r 4 8 ) thought t o  conta i n  prospe c t ive t ig h t  g a s . E s t ima te s 
f rom the se d e ta i l ed appr a i s a l s  we re then e x trapo l a te d  to the  
rema in i n g  6 5  p e rc e n t  o f  the  u . s .  l a nd are a , to e s t ima te the  to tal  
t ig h t  g a s  r e so u r c e  base  po te n t i a l  in the l owe r 4 8  s ta te s . 

The s t ud y  c al cu l a te d  re source  and recov e ry e s t im a te s a t  f i v e  
gas pr i ce s , t h r e e  r a t e s  o f  re t ur n , a nd two l e ve l s  o f  t e c h no l ogy - ­
a base  c a s e  ( curren t t e c h no l ogy ) and an advanced t e c h no l og y  c ase . 
The re s u l t s  o f  the a s se s smen t  i nd i ca te a range o f  be t we e n  1 9 2  TC F 
a nd 5 7 4 TCF o f  t ig h t  g a s  a s  recoverab l e , d epe nd i ng upo n pr i c e  and 
technology ( se e  Tab l e  1 7 ) .  The po te n t i al add i t ions to the co n­
v e n t ional rese rv e  base are almo s t  equa l ly a f f e c te d  by pr i c e  a nd/or 
technolog y  change s . 

TABLE 1 7  

u . s . Tight Gas Resource and Recovery Estimates 
( Appraised and Extrapolated Areas ) 

( Lower 48  States ) 

Prospective Area ( Sect ions ) 

Productive Area ( Sections ) 

Total Gas in Place ( TC F )  

Maximum Recoverable ( TC F )  

Base Technology - ­

Recoverable ( TCF) t 

@ $ 2 . 5 0/MCF 
$ 5 . 0 0 
$ 9 . 0 0  

Advanced Technology 
Recoverable ( TC F ) t 

@ $ 2 . 5 0/MCF 
$ 5 . 0 0  
$ 9 . 0 0  

Appraised 
( 1 2 Basins ) 

359 , 5 0 0  

5 3 , 0 0 0  

444 

293 

9 7  
1 6 5  
1 89 

1 42 
23 1 
27 1 

*Totals may not add due to rounding . 

Extrapolated 
( 1 0 1  Basins ) 

6 5 5 , 0 0 0  

68 , 5 0 0  

480  

3 1 5  

9 5  
2 0 0  
2 1 5  

1 89 
2 7 2  
3 0 3  

Total* 

1 , 0 1 4 , 5 0 0  

1 2 1 , 5 0 0  

9 2 4  

6 0 8  

1 9 2  
3 6 5  
4 0 4  

3 3 1 
5 0 3  
5 7 4  

t 1 5  percent discount rate of return and constant January 1 ,  
1 979 , dollars . 

SOURCE : National Petro leum Council , Unconventional Gas 
Sources , December 1 980 . 
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ENHANC E D  O I L  RECOVERY POTENT IAL 

In 1 9 7 8  t he Of f i c e  of Te chno logy As se ssme n t  ( OTA ) i s s ue d  a 
report e n t i tled  Enhanced O i l  Re covery Poten t i a l  i n  the  U n i ted 
S tates . By d e f i n i t ion , o i l recovered by e nhanced t e c h n ique s i n­
c l ud e s  o i l  f rom a pe t rol e um r e s e rvo i r  tha t c a nno t b e  e conom i c a l l y  
recove red by conven t i onal pr imary and se cond a ry t e c h n ique s . EOR 
me thods i nc l ud e  in s i t u c ombu s t ion , s te am i n j e c t ion , C 02 m i sc i b l e  
f l ood ing , s ur f ac t a n t/polyme r f l ood i ng , a nd po lymer- a ugmented 
wa t e r f l ood ing . 

OTA ' s  a s s e s smen t  wa s based on a re s e rvo i r-by-re s e rvo i r  ana lys i s  
o f  the ant i c ipa ted pe r fo rmance o f  EOR proce s s e s . Th e d a ta b a s e  
used wa s composed o f  3 8 5  o i l  f i e l d s  i n  1 9  s ta te s , i nc l ud i n g  2 4  
o f f sho re f i e ld s , a nd con ta i ned 5 2  p e r c e n t  o f  the  known rema i n i ng 
o i l  in place i n  the  l owe r 4 8  s ta te s . Na t iona l ( l owe r 4 8 ) tota l s  
we re ex trapo l a ted on the bas i s  o f  s ta te-by-s t a te a s s e s sm e n t s . 

OTA appl ied v a r i o u s  pr i c e  s c enar ios to E OR proc e s s e s  i n  de­
ve l op i ng its  a s se s smen t .  Bec a u s e  o f  the  great  i n c r e a se in  wo r l d  
o i l  pr i c e s  s i n c e  the s t ud y  wa s comp l e ted , t h e  r e s u l t s  o f  the  
h ighe st pr i c e  pe r b a r r e l  should be empha s i ze d . At t h e  $ 3 0  pe r 
b arre l case , a bou t 4 9 . 2 b i l l ion barre l s  we r e  c on s i d e red re cover­
able , a s s umi ng h igh proc e s s  per forma nc e  ( se e  Tabl e 1 8 ) .  Th i s  
e s t ima te i s  abou t 9 6  p e r c e n t  o f  the 5 1  b i l l i o n  barre l s  pre s umed by 
OTA to be technolog i c a l ly recoverabl e ,  and a g a i n  d emons tra te s the  
impo r tance of pr i c e  a s  we l l  a s  te chnol ogy in  d e v e l op i ng the to ta l 
U . S .  re so urc e base . 

TABLE 1 8  
E s t imates o f  U l t i mate Recov e r ab le O i l  and Da i l y  

Product ion Rates from Enhanced O i l  Recovery 
( Adva n c i ng Techn o l ogy C a se with 1 0  P e r c e n t  

M i n imum A cceptable Rate o f  Retu r n )  

U l t imate 

Recovery* 
P r i c e  ( B i l l io ns 

P e r  B a r r e l  of B a r re l s ) 

Product ion Ra te s 
( Mi l l i ons o f  

B a r r e l s  P e r  Day ) 

1 985  1 990 2 0 0 0  
H igh-Process Per formance 

Upper T i e r  

Wo r l d  O i l  

A l te rn a te Fue l s  
Hypothe t i c a l  

M o r e  Tha n  

Low-Process P e r f o rmance 

Upper T i e r  

Wo r l d  O i l  
A l te r n a t e  Fue l s  

$ 1 1 . 62 
$ 1 3 . 7 5 t  
$ 2 2 . 0 0 §  
$ 3 0 . 0 0 
$ 3 0 . 0 0 

$ 1 1 . 62 
$ 1 3 . 7 5 
$ 22 . 0 0 

2 1 . 2  
29 . 4  
4 1 . 6  
49 . 2  
5 1 . 1  

8 . 0  
1 1 . 1  
2 s .  3 

0 . 4  
o . s 
0 . 9  

1 . 1  
1 . 7 
2 . 8  

0 . 5  
0 . 7  
1 . 8 

These f i gures i n c lude 2 . 7  b i l l i o n  ba r r e l s  f r om enhanced o i l recov e r y  
processes that are i n c l uded i n  the A P I  est ima t e s  o f  proved a nd i n d ic a t ed 

r e s e rves . 

2 . 9  
5 . 2  
8 . 2  

1 . 1  
1 . 7  
5 .  1 

t$ 1 3 . 7 5  is the January 1 97 7  aver age p r i c e  ( $ 1 4 . 3 2  pe r b a r r e l ) of fore i g n  
o i l  de l i vered to the E a s t  Coa s t , de f la ted t o  J u l y  1 ,  1 9 7 6 .  

§$ 2 2 . 0 0  per barr el i s  t he pr ice at wh ich the S y n f u e l s  I n t e r agency Tas k 
Fo rce e s t imated that pe tr o leum l iquids coul d  become ava i l a b le from coa l .  

� Production rates were not calcu lated for o i l  at pr ices o f  $ 3 0  per 
barrel or h i g he r .  

SOURCE : O f f ic e  o f  Techn o l ogy A s sessme n t , E nhanced O i l  Recovery P o t e n t i a l  

i n  t h e  U n i te d  S tate s ,  1 9 78 .  
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ENVI RONMENTAL CONS I DE RAT I ONS 

The ma j o r  e nv i ronme ntal  i s s u e  con fron t i ng o i l a nd g a s  e xpl ora­
t i on a nd deve l opme n t  in the 1 9 8 0 ' s  concerns ad e q u a t e  a c ce s s  to 
gove rnme n t  l a nd s . In o rd e r  to d e v e l op the nat ion ' s  o i l and g a s  
resou rces , th e  i nd u s try mu s t  f i rs t  b e  al l owed ac c e s s  to t h e  l a nd to 
de term i ne the e x t e n t  of the r e sourc e s  and , i f  t h e y  are e conom i c , b e  
pe rm i t ted a c ce s s  to deve l op thos e  re sources  i n  an e nv i r onme n tal ly 
acceptab l e manne r .  The fo l l ow i ng d i s c u s s ion de s c r ib e s  the l a nd 
u se ,  a c ce s s ,  and pe rm i t t i ng i s s ue s  and t he explora t io n  and produc­
t i on s egme n t s ' a i r , wate r , a nd was t e  manageme n t  cons i de ra t i on s . 

Th i s  repo r t  d o e s  not d i r e c t l y  ad d r e s s  th e soc i o- e conom i c  i s s ue s  
a s soc i a ted w i t h  expl orat ion and product ion act iv i t i e s . T h e s e  
i s s ue s  a r e  i nde ed impo rta n t , b u t , a s  they vary s i g n i f i c a n t l y  from 
s i te to s i te ,  a r e  b eyond the scope of th i s  r eport . 

LAND -- ONSHORE 

I .  Land Acce s s , Land Wi thd rawa l s , and Land-Use P l a n n i ng 

A .  H i s to r i c a l  P e rspe c t i ve on Federal  Land s 

The fede ral gove rnme n t  c u rren t l y  owns near l y  7 2 8 m i l l i o n  a c re s  
o f  onshore land i n  the Un i ted S t ates , ab ou t a th i rd o f  the n a t ion ' s  
total l a nd area o f  2 . 3  b i l l ion acres ( s e e  T ab l e  1 9 ) .  The  v a s t  
ma j or i ty o f  fede ral  l a nd i s  located i n  t h e  1 1  we s te r n  s t a t e s  and 

TABLE 1 9  

Acres of Land Managed by Federal Agencies as of June 1 ,  1 98 1 *  

Agency 

Department of the Interior 
Bureau of Land Management 
Fish and Wildlife Service 
National Park Service 

Department of Agriculture 
Forest Service 

Department of Defense 

Other Agenci es 

Total 

Mil lions 
of Acres 

338 . 0  
8 5 . 0  
7 0 . 6  

1 9 0 . 0  

3 5 . 0  

1 0 . 0  

72 7 . 6  

Percentage of 
Total u . s .  

Onshore Land 

1 6 . 9  
4 . 5  
3 . 5  

9 . 5  

1 . 7  

0 . 5  

3 6 . 6 

*Source of data : Environmental Policy Center et al . ,  Minerals and 
the Public Lands , 1 98 1 . 
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Alaska ( see F ig u re 2 4 ) .  Th e s e  land s i n c l ud e  the  rema i n d e r  of  the 
orig i nal pub l i c  d oma i n ,  lands  acq u i red by the fed e ral gove rnme n t , 
and land wh ere the s ub s u r f a c e  m i ne ral r i g h t s  we re re t a i ned b y  the 
gove rnme n t  wh e n  the la nd was so ld t o  p r i va t e  i n t e re s t s . I n  ad d i ­
t ion , the fede ral gove rnme n t  r e t a i n s  mi n e r a l  r i g h t s  t o  ove r 6 0  
mi l l ion acres of  s ta te and pr ivate la nd . Wh i l e  gove r nme n t  l a nd i s  
ma naged b y  6 8  fede ral agenc i e s , depa r tme n ts , a nd b ure au s ,  mos t of  
the la nd is  control led b y  the Depa rtme n t s  of  the I n te r i o r , Ag r i­
c u l ture , a nd D e f e ns e . 

H i s to r i c al l y , gove rnme n t  act ions promoted ac c e s s  to th i s  
terri to ry fo r s e t tl eme n t  a nd resource deve l opme n t . T h e  i n i t i al 
fe de ral land po l i cy wa s to : 

. . . make pub l ic land s general ly ava i l ab le for d i s pos a l  
--for  ag r i c u l t ural  s e t tleme n t , for m i n e ral deve l opme n t  
a s  g r a n t s  to the s t a t e s  f o r  va r i ou s  p u rpose s ,  and t o  
entrep r e neurs w i l l i ng to prov i d e  the pub l i c  improveme n t  
to deve lop t h e  We s t . T h e  w i thd rawal o r  r e s e rvat i o n  o f  
pub l i c  land s  was the only way i n  wh ich l a nd d i spos a l s  
cou ld b e  con trol l ed i n  a p lanned way . 

Dur i n g  the 1 9 th c e n t u r y  Congress e n a c t ed ma ny s ta t u t e s  
au tho r i z i ng w i t hd r awa l o f  spe c i f i c la nd s f r om t h e  
ope ra t ion of  t h e s e  d i spos al l aws . Ad d i t ional l y ,  many 
oth e r  w i thdrawa l s  a nd res e rva t ions we re cons umma t ed b y  
the E xe c u t i ve b oth w i th a nd w i thout e xpl i c i t  s ta t u tory 
au t ho r i z a t io n . 2 

H i s to r i c a l  a nd s t a tu tory pre ced e n t  notw i t h s tand i ng ,  c e r ta i n  
Congres s ional a nd E xe cu t i ve B ra n ch act ions  have s e rved to res t r i c t  
acces s to gov e r nme n t  l a nd s . A ma j o r  imped i m e n t  to ac ce s s  for re­
source a s ses sme nt of pos s ib le deve l opme n t  h a s  b e e n  t h e  w i thd rawal 
of  governme n t  l a nd s  through the ope ra t io n  of the va r i o u s  pub l i c  
land l aws . 

Wi thd rawal o f  gove rnme n t  land s 

. . . me ans to w i thho l d  them from s e t t l eme n t , s a l e , o r  e n t ry 
unde r some or al l of  the ge ne ral l a nd laws fo r the pur­
poses of  ma i n ta i n i ng the s ta t us q uo b e c a u s e  of s ome e x i ­
gency o r  eme rg e n cy , t o  preve n t  fraud , t o  correct  s urveys 
of b o undar i e s , to ded i cate the lands to a n  i mme d i a t e  or 
pros pe c t ive pub l i c  u se , o r  to ho ld the  l a nd f o r  c e rt a i n  
f ut u re act ion b y  the execu t i ve o r  l e g i s l a t i ve b ra n ch o f  
gov e r nme n t . 3 

W i t hd r awa l s  of  g ove rnme n t  l a nd c a n  tak e  a va r i e ty o f  fo rm s  and 
have va ry i ng d e g re e s  o f  ope rat ion . S ome of  th e s e  are : 

• Fede ral  s t a t u t e s  d ed i c at i ng the land to s pe c i f i c  u s e s , s u ch 
as the c re a t i o n  of  a nat ional park o r  w i l de rne s s  a r e a  ( d e 
j u re ) 
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• Congre s s ional ly d e l ega ted w i thd raw a l  a u t hor i ty g i ven to the 
Exe c u t ive B r anch for spe c i f i c purpos e s , s uch as rec lama t ion 
and powe r pro j e ct s  or for the pr e s e rvat i on o f  land  for h i s­
to r ic a l  or sc e n i c p urpose s ,  o r  fo r noncons e rv a t ion purpose s 
s u ch a s  Depa r tme nt of De fense f a c i l i t i e s ( d e j u re ) 

• E x e c u t i v e  B r a n ch a s s e r t ion of  an i mpl i ed au thor i ty to 
w i t hd r aw l a nd for s pe c i al purpose u se and /o r  f o r  s tudy 
pu rpose s  ( d e f a c to ) . 

• J ud i c i a l  r e v i e w  r e s u l t i ng i n  d e l ay ( d e f a c to ) . 

Two ma j or repo r t s  comp l e t ed in the 1 9 7 0 ' s  conc l u d e d  that i t  
was impos s ib le to de t e rm i n e how much l a nd h a s  b e e n  w i thd r awn , re­
s tr i cted , o r  made unava i l ab l e to m i ne r al e n t ry o r  l e a s i ng d e  j u re 
and d e  facto . 4 The ab se nce of ac c u r a t e  record s w i t h i n  the�e� 
e ral-agen c i e s , a nd the i r  fa i l u re to a c t  on pe rm i t  appl i ca t ions , 
wh ich b e come w i thd r awa l s  i n  fac t , h a s  mad e  d e  j u re a nd d e  f a c to 
de termi na t ions d i f f i c u l t . 

The s h i f t  of adm i n i s tra t i ve con trol o f  l a n d s  from age n c i e s  w i th 
mu l t iple- u se manageme n t  po l i c i e s  to ag e nc i e s  w i th s i ng le o r  
re s t r i c t i ve land - u s e  po l i c i es has a l so h ad an impa c t  o n  l a nd w i th­
drawa l . Both the B u r e au of Land Manageme nt ( B L M )  a nd t h e  U . S .  
Fore s t  S e rv i ce have b ro ad l y  d e f i ned mu lt i p l e - u s e manda t e s  s uch th a t  
t he se ag enc i e s  e x h i b i ted a n e t  l o s s  i n  to ta l a c reag e manag ed d u r ing 
the 1 9 5 8 - 1 9 7 8  per iod . B LM h i s to r ic a l ly tran s f e r s  con t ro l  o f  s uc h  
l and s to other ag e n c i e s  once c e r ta i n  parce l s  have b e e n  c l a s s i f i e d  
for spe c i f i c , re s tr i c te d  u s e . Such i n te r ag en c y  a s s ignme n t  a c t i on s  
may remove mo re federal  l ands  f rom e v e n t u a l  acce s s . Fo r e x ampl e ,  
l a nd s man aged by t h e  Na t iona l Pa rk Serv i c e  are wi t hd rawn a l mo s t  
e n t i re l y  from the ope r a t i o n  o f  m i neral l aws b y  s t a t u t e . 5 La nd 
man aged by the F i s h  and Wi ld l i f e  Se r v i c e  ( FWS ) i s  s e v e r e l y  r e ­
s tr i c ted by ag ency po l i cy , wi th e x c e p t i o n s  mad e only wh e r e  o i l  and 
gas re sourc e s  wo uld be s ub j e c t  to s ub s u r face d ra inage  by ope r a t i on s 
on ad j a cent trac ts not control l ed by FWS . 6 

B .  Author i ty and Mechan i sms for F e d e r a l  Land - U s e  P l ann i ng 

1 .  Cons t i tu t iona l Au thor i ty 

Th e und e r l y i ng autho r i ty f o r  Co ng re s s ional  j ur i sd i c t io n  o v e r  
t h e  d i s po s i t ion o f  l an d s  i n  t h e  publ i c  d oma i n  i s  g ranted  by t h e  
Cons t i tut ion ( Ar t i c l e  I V ,  Se c t ion 3 ,  Cl a u s e  2 ) . Co ng re s s  h a s  
d e l egated c e r ta i n  a u t ho r i ty for w i t hd rawa l s  t o  the Exe c u t ive Branch 
by s tatute ; two e x amp l e s are the Re c l amat ion Ac t o f  1 9 0 2  a nd the 
General Wi thdrawa l  Ac t . 7 Furthe r ,  the Exe c u t ive Branch has 
a s s umed certa i n  impl ied autho r i ty as the bas i s  fo r some w i th­
d rawal s . 8 Although the Secre tar i e s  of Ag r i c u l t ure and th e 
In te r ior we r e  g iv e n  w i d e - r ang i ng autho r i ty f o r  the mu l t i pl e- u se 
man ag eme n t  o f  governme n t  l and s by the M u l t i pl e - Us e  and S u s ta i ne d ­
Y i e l d  Ac t o f  1 9 6 0  a nd the Mul t ipl e-Us e Ac t o f  1 9 6 4 ,  Co ng re s s  
reta i ned e x c l u s i ve power over wi thd rawa l s  for nond ev e lo pmen t 
purpo se s ,  s uc h  a s  n a t ional parks and w i l d e r ne s s  a r e a s . 
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2 .  Leg i s l a t ive Author i ty and Agency Land - U s e  P l an n i ng 

a .  F o re s t  S e rv i ce 

Ov e r  the ye ars , the courts  have g e neral ly held tha t the Org a n i c  
Ac t o f  1 8 9 7  g ive s th e Fore s t  Service  f und ame n t a l  a uthor i ty to ma n­
age al l n a t ional fore s t  l and s . Today , the Fore s t  Se rv i c e  manag e s  
the Na t ional Fore s t  Sys tem , wh ich i nc l ud e s  Na t ional Fore s t s , 
Na t i onal Gr a s s l and s , La nd Ut i l i z a t ion Pr oj e c ts , a nd Pur c h a s e  Un i t s . 

Th e 1 9 6 0  Mul t i pl e- Us e  and Su s ta ined-Y i e ld Ac t g av e  the Fo r e s t  
Se r v i c e  i t s  f i r s t  cohes ive plann ing mand ate , fol l owed b y  t h e  Fore s t  
a nd Rang e l and Re newa b l e  Re so urces  Pl ann ing Ac t i n  1 9 7 4 . In 1 9 7 6  
the Re source s Pl ann i n g  Ac t wa s ame nde d  by the Na t io n a l  Fore s t  Ma n­
agemen t Ac t ,  wh i c h  s e t  fo rth the proc e s s  by wh i c h  l and and re source 
manag emen t  pl ann i ng should be cond ucted . In  1 9 7 9 ,  f i n a l  r u l e s and 
reg ul a t io n s  we re promul g a ted , prov id i ng the Fore s t  Se rv i c e  s t a te ­
men t  o f  i n te n t ions for impl eme n t i ng th e 1 9 7 4  and 1 9 7 6  s ta t u te s . 
The s ta teme n t  of  i n te n t io n s  fo r Fo re s t  Se rv i c e  pl ann i ng i nvol v e s  
three l e ve l s : n a t ional , reg iona l , and i nd i v i d ual  fore s t  pl an s . B y  
s ta tute , plans  a t  a l l  l ev e l s  m u s t  be i n  e f f e c t  by 1 9 8 5 .  

• Th e n a t ional  p l a n  i nc l ud e s  an analys i s  o f  the us e s  o f , s up­
ply o f , a nd d emand for nat ural re so urce s .  Na t iona l g oa l s  
and ob j e c t i v e s  are formu l a ted a s  a r ang e o f  o u tput s ,  wh i c h  
a r e  then r ea s s igned t o  reg ions and i ncorpora ted i n to r e­
g i onal pl an s . Th e n a t ional re source  pl an , c al led the Re­
newable Re sourc e  Progr am , s e t s  forth a 4 0 -ye a r  prog r a m ; i t  
mus t  be rev i sed e v e ry f ive ye ar s , c omme n c ing in  1 9 8 0 .  

• Reg i onal  p l a n s  r e spo nd to the d i r e c t io n  o f  the n a t i onal 
prog r am . I s s ue s  and concerns  are form u l a ted a nd a l ternat i ve 
s tr a teg i e s  d ev e l oped , tog e the r wi th s tand ard s and g u id e l i n e s  
f o r  var i o u s  r e s o u rc e s  and a c t iv i t ie s . The b ro ad n a t ional  
targ e ts are al located through the  reg i o n  to  i nd iv id ua l  
fore s t s . Reg ional plans are pre s e n t l y  be i ng d eve l oped a nd 
pub l i shed . 

• Fore s t  p l a n s  r e s pond to reg ion a l  d i re c t i v e s  w i t h  cons i d e r­
ation fo r local  s uppl y  and d emand , e conom i c  e f f i c ie ncy , 
c ommun i ty s tab i l i ty , and po ten t i a l  env i ro nme n t a l  e f f e c t s . 
Th e r e  are approx ima tely 1 54 n a t ional f o re s t s  f o r  wh i c h  l and 
man agement p l a n s  are be ing prepare d . 

Appl i c a t ions fo r pe tro l e um expl oration and d eve l opme n t  m u s t  
f i r s t  b e  e v a l ua ted b y  t h e  Fore s t  S e rv ice t o  d e t e rm i ne i f  t h e  l and s  
are ava i l ab l e  ( no t  fo rma l ly wi thd rawn or involved i n  a l and e x ­
chang e ) .  Ex i s t i ng l a nd man ag emen t  plans a r e  cons u l ted t o  d e t e rm i n e  
appropr i a te s t i pul a t io n s , s uc h  a s  compa t i b i l i ty wi th e x i s t i ng u s e s , 
control o f  adve r s e  e nv i ro nmen ta l  impac t s , and prompt r e c l ama t io n  o f  
d i s turbed land s . Oi l and g a s  l ea s e  appl i c a t i o n s  i nv ol v i ng Na t i o na l  
Fore s t  Sys t em l and s r e s u l t  i n  a Fore s t  Ser v i c e  recomme nd a t ion t o  
B LM ,  wh i c h  a c ts a s  l e s so r ,  whe th e r  to awa rd t h e  l e a s e . 

Ano th e r  impo rtant a spe c t  o f  the Fore s t  Se rv i c e ' s  d u t i e s  i s  i t s 
d i re c t  i nvol veme n t  i n  impl eme n t i ng the W i l d e rne s s  Ac t o f  1 9 6 4 .  Th e 
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Ac t e s tab l i shed a 1 5  m i l l ion a c re s y s tem o f  w i l d e r n e s s  a r e a s . 
S i nce that t ime , 6 4 . 8 m i l l ion acre s have b e e n  add e d . In  add i t io n  
to the 7 9 . 8 m i l l ion acres now d e s ig na ted a s  w i l d e r ne s s , a s  m a n y  a s  
9 . 9  m i l l ion acre s co uld be i nc l uded und e r  t h e  Fore s t  Serv i c e ' s  
s e cond Ro ad l e s s  Ar e a  Re v i ew and Eva l u a t io n  ( RARE I I )  prog ram . 
Ano ther 7 . 6  m i l l ion acre s o f  fore s t  l a nd s ,  known a s  f u t ure plann ing 
are a s , c ou l d  be ad ded to the Na t ional Wi l d e r ne s s  Pr e s e r v a t i o n  
Sys tem ( NWPS ) . Also , 2 3 . 7  m i l l ion acre s o f  B LM W i l d e rne s s  S t ud y  
Areas could b e  mad e par t  o f  the sys tem . Th us , through t h e s e  
revi ews alone , t h e  w i l d e rne s s  s y s t em co uld event u a l l y  e x c e e d  1 2 0  
m i l l ion acres  - - more than 1 6  perc e n t  o f  a l l  f e d e r a l  onshore 
l and s . 9 

Wh i l e  the W i ld e rne s s  Ac t prov ide s  that t h e s e  l and s are open to 
o i l and gas  e xpl ora t i o n  ac t i v i t i e s  un t i l  De cember 3 1 ,  1 9 8 3 ,  o nl y  2 4  
o i l and g a s  l e a s e s  h ave b e e n  i s s ued i n  w i l d e rne s s  are a s  over th e 
l a s t  d e c ad e . Th e " wi l d e r ne s s "  d e s i g na t i o n  i s  the mo s t  e x c l u s i onary 
s i ng l e-use  d e s i g n a t ion that can be appl ied to f e d e r a l  l a nd s . 
Mo tor i ze d  ve h i c l e s , road s , and permane n t  c amps i te s  a r e  proh i b i te d ; 
travel i n  these  areas can only be on foo t , on hors e back , o r  by 
canoe . Th u s , u n l i ke n a t i onal pa rks , r e l a t i v e l y  f e w  pe r so n s  e n te r  
w i ld e r ne s s  are a s , and for al l prac t i c a l  p urpo s e s o i l  a n d  g a s  
e xploration and d ev e l opme n t  ac t i v i t i e s  a r e  d e n i e d  acce s s  t o  s u c h  
are a s . 

In the pa s t , o i l  c ompa n i e s  have b e e n  re l uc ta n t  to a t tempt to 
e xplore on w i l d e r ne s s  l and s wh en o th e r  prospe c t i v e  a c r e ag e , not  
s ub j e c t  to  re s tr i c t ions  und e r  th e W i l d e rne s s  Ac t ,  wa s mor e  read i l y  
acce s s i b l e . Bu t the need t o  increase d ome s t i c  e n e rg y  prod u c t i o n  
and r e d uc e  d e pe nd e nce on fore ign o i l  h a s  prov i d ed an impe t u s  t o  
e xplore for o i l  a n d  g a s  on c e r ta i n  wi l d e r ne s s  l and s . I t  h a s  b e e n  
d emon s tra ted repe a ted l y  tha t o i l  a n d  g a s  f ac i l i t i e s  c a n  oper a t e  
w i th only t empo r ary and m i n imal d i s turbance t o  t h e  env i ro nme n t . 

b .  Bureau  o f  Land Manageme n t  

Th e 1 9 7 6  Fed e ral La nd Po l i cy a n d  Ma nag emen t  Ac t ( F LPMA ) e nd owed 
B LM w i t h  ma j or r e s pon s ib i l i ty for d ev e l op i ng to t a l  l an d - u s e  pl an s 
to ach i ev e  mand a ted ob j e c t iv e s  o n  B LM -manag ed l and s . Th i s  r e spo n­
s i b i l i ty far  e x c eeded B LM ' s  in i t ia l  r e s pon s ib i l i t i e s  for s impl e 
g raz i ng adm i n i s tr a t i o n  and thru s t  B LM i n to a t r a n s i t io n  pe r iod i n  
wh i c h  r e g u l a t ionp and proced ure s are s t i l l  be i n g  wr i t ten and 
c l ar i f ied . 

Wi th F LPMA,  Co ng r e s s  repe a l ed a l l  ex i s t i ng e x e c u t i v e  w i th­
d rawa l  a uthor i ty ,  both s ta t u to ry and impl i e d , e x cept the Pre s i ­
d e n t ' s  autho r i ty t o  create n a t i o nal monume n t s . l O  Se c t io n  2 0 4 o f  
FLPMA s ub s t an t i a l l y  l im i ted the Exe c u t ive Branch a u t ho r i ty t o  w i t h­
d raw g ov e r nmen t l and s , prov id i ng d e ta i l ed g u id e l i n e s  by wh i c h  the 
Secre tary of the Inter ior is author i zed to make , mod i fy ,  o r  revoke 
w i thd r awa l s .  In accord a n c e  w i th Se c t io n  2 0 4 ,  B LM propo sed and 
promulgated reg ula t ions  for the wi t hd rawal o f  g ov e r nmen t  l a nd s . 
The s e  reg u l a t io n s  e s tabl i sh a formal proc e s s  f o r  Ex e c u t i v e  Branch 
act ion , i nc l ud i ng the oppo r t un i ty for p u b l i c  p ar t ic ipat ion . l l  
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FLPMA wa s i n t ended to make coherent the g ov e r nme n t  l and man ag e­
men t po l i c ie s  o f  B LM . At the c e n te r  of  FLPM A ' s  c ompre he n s i v e  man­
agement plan are t h e  pr i n c i p l e s  o f  s u s ta ined y i e ld a nd m u l t i pl e  
u se , wi th spe c i al recog n i t io n  o f  the n a t ion ' s  n e ed f o r  d ome s t i c  
sourc e s  o f  m i n e ra l s , food , t imbe r , and f ibe r . I n  add i t io n , FL PMA 
a l so recog n i z e s  a need f o r  l and wi thd rawa l s . 

Co ng re s s  id en t i f ied a number o f  po l i cy o b j e c t iv e s  i n  ad op t i ng 
FLPMA : 

• A g e n e r a l  i nv e n to ry o f  a l l  g overnme n t  l and s a nd the i r  r e ­
source val u e s  wa s n e ed ed . Cl ose l y  r e l ated to the g en e r a l  
i nvento ry i s  t h e  s pe c i a l  i nvento ry requ i red a s  a part o f  t h e  
BLM Wi l d e r ne s s  S t ud y . Und e r  the s e  prov i s io n s , B LM i s  t o  
und er take a s pe c i a l  r e v i e w  o f  g overnme n t  l and s i n  road l e s s  
areas  o f  5 , 0 0 0  a c r e s  o r  more . The Wi l d e rne s s  S t ud y  i s  to be 
compl e ted by 1 9 9 1  and is in tend ed to id e n t i fy areas that 
m i g h t  be i n c l ud ed i n  the NWPS e s tabl i shed unde r  the W i l d e r­
ne s s  Ac t .  As o f  Novembe r 1 8 ,  1 9 8 1 ,  B LM had i nv e n to r i ed a l l 
1 7 3 . 7  m i l l ion a c r e s  o f  road l e s s  a r e a s  und e r  i t s  j ur i sd i c ­
t ion . Ove r 1 4 9  m i l l ion acre s wer e  d e termined to l ack 
wi l d e r ne s s  character i s t i c s , and 2 4 . 3 m i l l ion a c r e s  we r e  
d e t e rm i ned t o  h ave w i ld erne s s  characte r i s t i c s . l 2  Tho s e  
a r e a s  not d e s i g na te d  fo r wi l d e r ne s s  wi l l  b e  manag ed und e r  
l and-use  plans  u s i ng the pr inc i pl e s o f  s u s ta i n e d  y i e ld and 
mul t i pl e u s e  and in  accordance wi th several  o t h e r  c r i te r ia 
se t forth i n  FLPMA a s  part o f  the l an d -u s e  plann i ng proce s s . 

• Man ag eme n t  for c e r t a i n  p urpose s may n e ce s s i ta t e  wi t h d r a wa l . 
As an ex cept i o n  to the g e neral pr inc ipl e o f  s u s ta i ne d -y i e l d  
a nd m u l t i pl e-us e man ag eme n t , certa i n  l and s may b e  w i t hd ra wn 
und e r  Se c t ion 2 0 4 .  Fo r areas o f  l e s s  than 5 , 0 0 0  a c re s , the 
Se c r e t a ry h a s  the d i scre t ion to wi t hd r aw l an d s  for spec i f i c  
pe r iod s o f  t ime , d epe nd ing o n  the n a ture o f  t h e  wi thd rawa l . 
For areas o f  5 , 0 0 0  a c r e s  o r  mor e , howe ve r , the Secre tary may 
only recomme nd w i thd rawa l for a pe r iod of up to 2 0  y e a r s . 
Withou t Cong re s s ional  approva l , s uch w i t hd r a wa l s  l apse 
wi th i n  9 0  d ay s  o f  h i s  recomme nd a t io n . FLPMA a l s o  prov i d e s  
tha t , i f  a n  emerge n cy e x i s t s , Cong re s s  o r  t h e  Secre tary c a n  
imme d i a te ly wi thd r aw l and s , b u t  f o r  n o  l ong e r  than three  
ye ar s . 

• Area s  o f  c r i t i c a l  e n v i ro nmental  conc e r n  ( AC E C ) d e s erve 
prompt pro te c t io n . AC EC are i d e n t i f ied a s  areas " wi th i n the 
p ub l i c  [ g ov e r nmen t ]  l ands  where spe c i a l  man ag e me n t  a t t e n t ion 
is  r eq u i red . . . to pro tec t  and prev e n t  i rreparab l e  d amag e to 
impo r tant h i s tor i c , c u l t ur a l , or scen i c  va l ue s , f i sh and 
wi l d l i fe r e so u r c e s o r  other natural h a z a rd s . "  Pr io r i ty 
tre a tmen t  i s  to b e  g iven to the ident i f i c a t i o n  o f  AC E C  
d u r ing the i nve n to ry o f  g overnment l and s , r e so u rc e s , a nd 
va l ue s  and to ma i n t enance once the inven tory i s  compl e ted . 
The AC EC d e s i g na t i o n  cou l d  r e s u l t i n  the d e v e l opmen t  o f  a 
r a t ion a l  man ag emen t  s y s tem ; howe ve r , the po ten t i a l  for 
s i ng l e- u s e  manag em e n t  inv i te s  i t s u s e  a s  a s ub s t i t u te 
w i l d e r ne s s  prog r am wi thout s i ze l im i t a t io n . 
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Curren t ly , 7 9  areas h ave b e e n  d e s igna ted u nd e r  the AC EC 
prog ram , c ove r i ng mo re than 6 2 0 , 0 0 0 a c re s , w i th approx i ­
ma t e l y  6 0 0 , 0 0 0  acre s i n  t h e  s ta te o f  Ca l i forn i a . Th e 
l eg i s l a t io n  d o e s  not l im i t  the a c r e ag e  o f  a n  ACEC . On e o f  
the AC E C  i n  t h e  Ca l i forn i a  De s e r t  Pl a n , f o r  e x ampl e ,  co n­
ta i n s  some 1 4 5 , 0 0 0 acres  and some othe r s  w i th i n  t h a t  p l an 
e x c e e d  3 6 , 0 0 0  a c r e s  each . B LM h a s  i nd i c a ted that  a s  many a s  
2 7 5  m i l l ion acres  o f  federal  l and s may b e  e l ig i b l e  f o r  AC EC 
d e s ig n a t ion . Th u s , ma ny thousand s o f  acre s co u ld b e  nom i n­
a ted fo r and d e s ig na ted a s  AC EC a nd , notwi ths tand ing the 
mul t i pl e- u s e  l ang u ag e  i n  the g u i d e l ine s , l arge amo u n t s  o f  
gove r nm e n t  l and cou l d  become unav a i l ab l e  f o r  o i l  and g a s  
e xplo r a t ion and d evelopmen t .  

In i t i a l  B LM plans  we re fo rmed und e r  a Manag eme n t  Frame work Pl an 
( M F P ) . In 1 9 7 9  new r eg u l a t ions  i n trod uced a b road ened p l an n ing 
documen t  known a s  a Re source Man ag eme n t  Pl a n  ( RMP ) . Non e  o f  the s e  
new p l a n s  e x i s t s  to d a te , though several d o z e n  a r e  i n  v a r i o u s  
s tage s  o f  prepara t io n . B y  1 9 8 5 M F Ps w i l l  be pha sed out , r e p l a c ed 
by RM Ps . As i t  i s  expec ted to take abou t four ye a r s  to c omp l e te an 
RM P ,  it w i l l  b e  the e ar l y  1 9 9 0 ' s  be fore a l l B LM p l a n s  are comple ted 
u nd e r the new sys tem . Th us , a new t h i rd pl ann i ng docume n t , c a l l ed 
a '' Tran s i t io n  Man ag eme n t  Fr amework Pl an , "  w i l l  e x i s t  for abo u t  a 
d e c ad e . 

Le as i ng d e c i s i o n s  i n  a resource area are l im i te d  to those 
pe rm i t ted by the plan . I f  a B LM plan doe s  no t i n c l ud e  l e a s ing , 
then an env i ronmental  impa c t  s ta teme n t  ( E I S )  mus t b e  mad e and the 
d e c i s ion whe t her to l e a s e  b e  mad e accord i ng ly . 

c .  Other Agenc i e s  and Jo i n t  Agency 

The need for j o i n t  ag ency ag reeme n t s  a r i s e s  f r om mu l t id i me n­
s ional own e r s h i p  pa tterns and s tatuto ry r e spo n s i b i l i t i e s . Bo th 
hor i zonta l ( d i f fe r e n t ad j ac e n t  s ur f ac e ) and ver t i c a l  ( s ubs u r f a c e  
d i f fe r e n t  than s ur face ) ownersh ips or re spo n s i b i l i t i e s  o f fe r  a 
var i e ty o f  permu tat ions that must  be accommod a te d . The s ur f ace 
prob l em i s  one  of  acce s s , prov id i ng oppo r tun i ty to e x p l ore , d r i l l ,  
and tran s por t .  The s ubs ur face probl em i s  one o f  t i t l e  for s a l e , 
l ease , severan c e , a nd roya l ty purpo se s .  

BLM l e a s e s  fed e r a l l y  owned s ub s ur face m i ne r a l s ,  r e g a rd l e s s  o f  
wh i ch federal  agency manage s the s ur fac e . S ubs u r f a c e  m i n e ra l s  ma y 
be owned pr ivate l y , by Ind i an tr ibe s , o r  by g ov er nmen t  e n t i t i e s . 
S im i l arly , the s ur f ace may be i nd e pe nd e n t l y  owned by any o f  the s e  
g roups . S i nce i t  i s  not po s s i b l e  to d i vorce m i ne r a l  ope r a t i o n s  
from s ur face man agemen t ,  federal  agenc i e s h ave d eve l oped cooper a­
t ive proced u r e s  to coord i n a te the i r  mutual  re spons i b i l i t i e s . 

In November 1 9 8 0  an i n te r-age ncy ag reeme n t  wa s s ig ned to pro­
mo te a cooperat ive r e l a t ion s h ip among B LM and Fore s t  Serv i c e  and 
o ther ag e n c i e s  ( mo s t  notably the So i l  Co n s e rv a t io n  Se rv i c e , Sc i e n c e  
a n d  Ed uc a t io n  Adm i n i s tr a t io n , F i sh a n d  W i ld l i f e  Se rv ic e , a nd the 
Na t ional Pa rk Se rv i c e ) .  S i g na to r i e s  are to prepare and e x chang e 
appropr i a te plan s , sched ul e s , and d a ta for m a j o r  n a t i o n a l  re s o u rc e  
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i s s ue pl ann i ng and d e c i s i o n-mak i ng . Th i s  i s  a r e l a t i v e l y  n ew 
prog r am , thus  f a r  d i re c ted a t  i n terchange o f  p ubl i c  i nvolveme n t  
d ata only . 

3 .  Land-Us e  P l a n n i ng I s s ue s  

La nd- u s e  pl ans  d ev e l oped to d a te inadequ a t e l y  ad d re s s  o i l  and 
gas e xplor a t ion a nd d evelopmen t .  The N PC i s  concerned t h a t  th e 
manag emen t  pro ce s se s , i n  the i r  pre s e n t  s t a te a s  r e f l e c te d  i n  tho s e  
plans , co uld pe rpe t ua te a c l ima te o f  uncer ta i n ty a n d  r e s t r i c t i o n  o f  
pe tro l e um d ev e l opme n t . 

Th r e e  top i c  areas  w i l l  h i g h l ig h t  th i s  conce r n : d e f i n i t io n , 
d a ta ad equacy , and a t t i t ud e . 

• De f i n i t ion . Pl anners are no t ag reed on a d e f i n i t io n  o f  
m u l t i pl e  u s e . Whe th e r  that te rm me a n s  c o-e x i s te n c e  o r  
par t i t i oned e x c l u s i v i ty ,  o r  both , i s  u n c l e a r . The i s s ue i s  
c r i t i c a l , bec a u se the s ta t u to ry l a ng u a g e  mand a t i ng m u l t i pl e  
use h a s  b e e n  i n terpre ted d i f fe r e n tl y . Fo re s t  S e rv i c e  l an­
g uage d e r ive s f rom the 1 9 6 0  Mul t i pl e-Use and S u s ta i ne d -Yi e l d  
Ac t and a l so impl eme n t s  prov i s io n s  o f  t h e  1 9 7 4  F o re s t  Rang e 
Land Ren e wable Re source s Pl ann i ng Ac t ,  ame nd e d  by t h e  1 9 7 6  
Na t ional Fo re s t  Ma n ag eme n t  Ac t .  The t h r u s t  o f  the s e  a c t s  
h a s  b e e n  t o  e s tabl i sh a s u s ta ined y i e ld o f  fore s t  prod u c t s 
and serv i ce s  towa r d s  targ e t  goa l s . Th e e f fe c t  h a s  b e e n  to 
s e t  forth a re s tr i c ted d e f in i t ion o f  m u l t i pl e  u s e , a s  i t  i s  
l im i ted to s u r f ace u s e  only and d o e s  n o t  take i n to accoun t 
s ubs urface  re source goal s .  The d e f i n i t ion i n  F L PM A  i s  
b road e r , c a l l i ng f o r  re source u t i l i za t i o n  i n  the comb i n a t i o n  
that w i l l  be s t  mee t  t h e  pre s e n t  and f ut ure n e ed s . 

• Data Ade quacy . Da ta on pe trole um po te n t i a l  i s  g e n e r o u s  i n  
h i g h l y  d r i l l ed a r e a s  but  meag e r  o r  non-e x i s te n t  i n  und r i l l ed 
area s . Da ta ove rload from o t h e r  re so urce s ,  compe t in g  w i t h  a 
d e a r th o f  pe trol e um- r e l a te d  d a ta i n  und r i l l ed a r e a s , l e ad s 
to i nc r e a s ed a t t e n t ion to those r e s o u r c e s  whe re the p l en t i ­
f ul d a t a  a s s ur e s  sound pl ann i ng d e c i s io n s . The a b s e n c e  o f  
d a t a  may a l so l e ad to i ncorre c t  conc l u s i o n s  abou t  the pr e ­
sence  o f  pe tro l e um . Co ncur r e n tly , Co ng r e s s i o n a l  po l i c y  
d i c tate s m u l t i pl e  u s e  o f  the l a nd s , i n c l ud i ng o i l , g a s , and 
other m i ne r a l s .  The use o f  the pre s e n t  pl ann i ng proce s s , 
d e pe nd e n t  a s  i t  i s  o n  d a ta ad equacy , h i nd e r s  th i s  Cong re s ­
s ional po l i cy .  

• A t t i tude . Pl anners are i nc l i ned to reg ard pe trol e um ope r­
a t io n s  as more d amag i ng to the env i ro nmen t  than has b e e n 
d emo n s t r a te d . The r e  i s  a tendency to prepare fo r the wo r s t  
po s s i b l e  c a s e , i g nor i ng c o un tl e s s  e x ampl e s  o f  tro ub l e - f re e  
o il and g a s  ope r a t ional co-e x i s te n c e  w i th o th e r  r e s o u r c e  
v a l ue s . Some e x ampl e s  are the Aran s a s  Na t io n a l  W i ld l i f e 
Re fuge , a pro te c te d  whoop i ng c rane n e s t i ng g round i n  the 
m i d s t  of a n  opera t i ng o i l  f i e l d ; the c a r i bo u  movemen t  u nd e r  
and ove r the Al askan p i pe l ine ; a nd o f fshore prod u c t io n  
plat forms t h a t  h ave become mar i ne s a nc t u a r i e s  i n  thems e l ve s . 
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C .  S ta tu s  o f  Land Wi thd rawa l s  

The con seque n c e s  o f  l and w i t hd rawa l s  h av e  b e e n  t h e  s ub j e c t  o f  
p ub l i c debate s i n c e  the e ar ly 1 9 7 0 ' s . l 3  F i v e  f e d e r a l  repo r t s  a t­
tempted to a s s e s s  the  magn i t ud e  o f  the e f f e c t  o f  w i t hd ra wa l s  o n  r e­
sou r c e  d ev e l opme n t :  

• Ge neral Ac coun t i ng Of f i ce , I mprovemen t s  N e e d e d  i n  Rev iew o f  
Pub l i c Land W i thd rawa l s  L a n d  S e t  A s i d e  f o r  Spec i a l  
P u rpos e s ,  1 9 7 6 .  

• De pa r tmen t o f  the In te r io r , F i n a l  Repo r t  o f  the Task Force 
on Ava i l ab i l i ty o f  Fede r a l l y  Owne d  M i ne r a l  Land s , 1 9 7 7 .  

• Of f i c e  o f  Te chno l og y  As s e s sme n t , Manageme n t  o f  F ue l s  and Non 
F u e l  M i n e ra l s  in  Federal  Land s ,  1 9 7 9 .  

• General  Ac coun t i ng Of f i c e , The u.s. M i n i ng and M i n e r a l  Pro­
ce s s ing I nd u s t ry :  An Ana ly s i s  of T r e nd s a nd I mpl i c a t i o n s , 
1 9 7 9 .  

• General  Accoun t i ng O f f ice , A c t ions N e e d e d  t o  I nc re a s e  
Federal Onshore O i l  and G a s  Explora t io n  a n d  Deve l opme n t , 
1 9 8 1 .  

In i t s  1 9 7 6  repor t ,  the  General  Accoun t in g  Of f ic e  ( GAO ) found 
that  no me cha n i sm wa s av a i l ab l e  by s ta t ute f o r  the pe r iod ic rev iew 
of wi t hd rawa l s  of  gove r nmen t  l and s . Upon i n ve s t i g a t ion , GAO d e te r­
m i ned tha t record s  o f  wi thd rawa l s  we re non-e x i s te n t ,  a nd tha t pro­
c ed ural probl ems wi t h i n  admin i s te r i ng agenc i e s  d e l ay the proce s s in g  
o f  revoca t io n s  o f  wi thd rawa l s  tha t are n o  l o ng e r  approp r i a te and 
the re t ur n  of the l and to the opera t io n  of the p ubl i c  l and l aws . 
Conseque n t l y , n o t  only wa s the accou n t i ng system f o r  w i thd rawa l s  in  
a s ta te o f  chao s , b u t  the re s tora t ion of  g ov e r nme n t  l and s to 
mu l t iple-use  s ta tu s  l agged . 

1 .  Adm i n i s t r a t ive Proced u r e s  and J u d i c i a l  A c t ions t h a t  
Cre ate D e  F a c to Wi thd rawa l o f  Gove r nmen t  Land s 

Wi th the  enac tmen t  o f  FLPMA,  Cong re s s  a f f i rmed once aga i n a 
b road mul t i pl e- u se manag eme n t  ph i l o sophy f o r  g ove r nme n t  l and s . 
Howeve r ,  both the age n c i e s  i n  charge o f  g ov e r nme n t  l and s ( B LM and 
t he Fo r e s t  Se rv i c e ) and the courts have re s t r i c te d  a c c e s s  and 
wi t hd rawn lands e i t h e r  e xpl ic i t l y  o r  tac i t l y  by the i r  inac t ion . 

Age nc i e s  r e s pon s i b l e  for g overnmen t  l an d s  h av e , through a d ­
m i n i s t r a t iv e  pr ac t i c e s ,  b een able  t o  manag e t h e  l and s b y  n ar row 
i n t e rpre tat ions o f  m u l t i pl e- u s e  man ag emen t .  S i nce e ac h  ag ency h a s  
b e e n  c r e a ted t o  manag e l and s und e r  i t s  j u r i sd i c t i o n  fo r spe c i f i c  
re source val ue s , adm i n i s t r a to r s  o f  those ag enc i e s  h ave chosen  to 
focus the i r  ac t iv i t i e s  pr ima r i l y  o n  s ing l e  l and - u s e  prac t i c e s  
rather than u po n  conc urren t mu l t iple u se s . Var i o u s  a c t ions  and 
d i s c re t ionary d ec i s ions  by adm i n i s t rators may a l so re s u l t in 
un i n t e n t ional de f a c to w i t hd rawa l s  of l and s f r om c e r t a i n  r e so urce 
u se s . l 4  
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Ad m i n i s tr a t i v e  wi thd rawa l s  can be accomp l i shed by a n  a g e n cy ' s  
f a i l ure to ac t ,  s uch a s  by the f a i l ure to i s s ue l e a se s  and pe rm i t s  
o r  fa i l ure to c ompl e te manag eme n t  pl an s . Othe r re s t r ic t io n s  tha t 
imped e re source explor a t ion and d evel opme n t  c a n  be added un i l a te r­
a l ly to l e a se s , p e rm i t s , and ope r a t i ng p l a n s . The " no s u r fa c e  
oc cupancy"  l e a s e  s t ip u l a t ion i s  a n  e x ampl e . 

De l ay s  i n  i s s u i ng l e a se s , s uch a s  tho s e  crea ted by f a i l ur e  to 
promp t l y  l i s t  l and s e l ig i b l e  fo r i n c l u s ion in the s im u l taneous 
l e a s i ng s y s tem , c a n  con s t i t u te a d e  facto w i t hd ra wa l . A r e c e n t 
U . S .  Di s t r i c t  Cou r t d e c i s i o n  h e l d�h a t  d e l ayed ac t io n  o n  i s s u i ng 
lease s i n  two RARE I I  W i ld erne s s  Pl ann ing Area s  con s t i t u ted a n  
i n formal w i t hd rawa l o f  the  l and s . l S  As a r e s u l t ,  t h e  Co u r t  
ordered t h e  Secre tary o f  t h e  Inter ior t o  i s s ue r e g u l a t i o n s  and 
g u id e l i n e s  prov id i ng s tand ard s by wh ich f e d e r a l  o i l  and gas  l ea s e s  
could b e  approved , r e j e c te d , or s uspend e d . 

Jud ic i a l  r e v i ew , l i ke admin i s trat ive po l i cy , may c r e a t e  d e  
facto wi thd r awa l s . In the c a s e  o f  S ie rra C l ub v s . B u t z  the  cour t 
c re a ted a d e  f a c to wi t hd rawal that  e x t e nd ed to s ur f a c e  re source s 
whe n  i t  uphe l d  the Fo re s t  Se rv i ce ' s  adop t ion o f  " no s ur f a c e  o c c u­
panc y "  s t ip u l a t i o n s  i n  some o i l  and gas  l e a se s . l 6  A mor e  r e c en t 
c ase i nvol ved the rev e r s a l  o f  a Fo r e s t  Se rv i c e  d e c i s io n  to a l l ow 
d eve l opmen t a l  wo rk i n  a n umbe r o f  road l e s s  s urve y  area s . The 
Fore s t  Se rv i c e  d e t e rm i ned that  tho se areas  c o u l d  be opened to 
non -w i l d e r ne s s  u se s .  On the bas i s  that the ag e n c y ' s  RARE I I  f in a l  
E IS wa s i n ad eq u a te , t he cou r t  recomme nded recon s id er a t i o n  o f  t h e  
w i l d e r ne s s  v a l u e s  o f  the are a s . l 7  Th i s  d ec i s io n  c o u l d  s e t a 
preced e n t  req u i r i ng a s i te - s pe c i f i c E IS p r i o r  t o  the reded i c a t i o n  
o f  l and s f o r  m u l t i pl e- u s e  p urpose s .  

2 .  The E x te n t  o f  W i thd rawa l s  o f  Gov e r nme n t  Land f rom 
M 1 ne ra l  E n t ry and Lea s 1 ng 

a .  Depar tme n t  o f  the I n t e r ior and O f f i ce o f  Techno l og y  
A s s e s sme n t  Rev i ews 

Bot h  the De pa r tme n t  of the I n te r ior ( DO l )  and OTA h ave e s t i ­
mated the e x te n t  o f  r e s t r i c t io n s  on m i neral acc e s s  to f e d e r a l  
l a nd s . The c l as s i f i c a t ion o f  f e d e r a l  l an d s  u s ed i n  the  DO l  a n d  OTA 
s tud i e s  are as fo l l ows : 

• " Cl osed '' - - i n c l ud e s  l and s fo rma l l y  c losed to m i ne r a l  d e­
ve l opme n t ,  e i th e r  by s t a t u t e  ( e . g . , n a t i o n a l  pa rk s ) o r  by a 
pub l i shed w i thd rawa l ord e r  ( e . g . ,  wi ld l i fe ,  m i l i ta ry , o r  o i l 
s h a l e  l a nd ) . 

• " H i g h l y  re s t r i c ted " - - i nc l ud e s  l an d s  t ha t ,  wh i l e  forma l ly 
ope n to m i neral  d ev e l opme n t , are r e s t r i c te d  by s t a t u to ry 
cond i t ion s ( e . g . ,  powe r s i te s ) ;  s ta t u to ry a nd adm in i s tr a t i ve 
cond i t io n s  ( e . g . ,  w i l d e r ne s s  areas o r  c e r ta i n  r e c l ama t i o n  
pro j e c t  l a nd s ) ;  o r  adm i n i s tra t ive cond i t ion s ( e . g . ,  B LM ' s  
pr im i t iv e  and natural  area s ) to s uc h  a n  e x te n t  that  m i ne r a l  
d evelopme n t  i s  g re a t l y  d i scouraged , a l though i t  some t ime s 
does occur . 
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• " Mod e rately r e s t r i c ted " - - i n c l ud e s  l an d s  t h a t  are g e ne r a l ­
l y  open t o  m i n e r a l  d evelopmen t ,  a l though t h e y  m a y  b e  c l o s e d  
t o  d ev e l opmen t  of  a f e w  m in e r a l s o r  the r e  m a y  b e  c e r t a i n  
pr e -cond i t io n s  to m i n e r a l  d eve l opme n t  ( e . g . , the prepar a­
t i on o f  an E IS ) . 

• " Sl ight  or no re s t r i c t ion •• - - i nc l u d e s  a l l f e d e r a l  l and 
that  i s  g e ne r a l ly s ub j e c t  to mul t i pl e - u s e  manag eme n t . l 8  

The conc l u s ions  and re comme nd a t ions o f  both the DO l a nd OTA 
s t ud ie s  are s im i l ar in the i r  c a l l  for a mor e  compr e h en s ive " s y s tem 
of i nv e n to ry and rev iew of wi thd rawa l s  and re s t r i c t i o n s  o n  m i ne r a l  
d eve lopmen t . " l 9  I n  f ac t , t h e  Se cre tary o f  the I n te r ior i s  s p e ­
c i f i c al ly d ir e c ted t o  cond u c t  s uc h  an i n v e n to ry b y  Se c t i o n  2 0 1 o f  
FLPMA . 2 0  Echo i ng the con c l u s ions o f  th e Publ i c  Land Law Re v ie w  
Comm i s s ion of  1 9 7 0 ,  OTA observed in 1 9 7 9  t ha t : 

. . .  [ t ] h e r e  i s  a need for a cumul a t i v e  s t a te - by - s ta te and 
n a t ionwid e  accoun t i ng of the u se o f  Fed er a l  l an d . Such 
an ac coun t i ng should pe rm i t  Fe d e r a l  manag eme n t  of  
m i n e r a l s  and l a nd to prog re s s  b e yond i t s  c ur r e n t  e s s e n­
t i a l ly ad ho c proced u r e s . The l and u s e  pl an n ing proc e s s  
al ready und e rway o n  Fed e r a l  l and c o u ld i n c l ud e  a un i t-by­
un i t  s umma ry of l and status , i n c l ud ing w i thd rawa l s , wh i c h  
i s  agg rega ted a t  s uc ce s s ive l y  h ig h e r  l e ve l s  o f  t h e  r e l e ­
vant ag enc ie s a n d  c u l m i na t e s  i n  a compre he n s i v e  l and s t a t u s  
repor t .  Comp u te r i za t io n  o f  the l and s ta t u s  record s a t  t h e  
l o c a l  level  m i g h t g reatly s impl i fy s ta t i s t i c a l  repo r t i ng 
and increase  the acc uracy , t ime l i ne s s , a nd e a s e  o f  ma i n­
ta in ing those record s . 2 1  

b .  B u reau o f  Land Manage me n t  Rev iew 

Und e r  the  prov i s ions o f  FLPMA,  BLM wa s a s s ig ned the  r e spo n s i ­
b i l i ty for cond uc t i ng an i nventory o f  a l l  gove r nmen t  l and w i t h­
d rawa l s . Re s t r i c ted in  scope to coverag e i n  1 1  we s te r n  s t a te s , the 
re s u l t s  of the par t i a l  i nvento ry wer e  r e l e a sed in Jan uary 1 9 8 0 . 2 2  
At tha t t ime , the B LM Di r e c tor s t a te d  tha t : 

. . .  [ m ] any o f  the wi thd rawa l s  . . . [ ex am ined ] d ate back to 
the t ur n  of the cent u ry . In a s ig n i f i c a n t  n umbe r o f  c a s e s  
the i r  canc e l l a t io n  i s  long ove rdue . . .  [ b ] u t  through the 
ye ar s , the tendency wa s for the w i t hd rawal to r ema i n  i n  
force l ong a f t e r  t h e  need fo r i t  had p a s s e d  . . . .  Tod a y  wi th 
our g ro w i ng e n e rg y  c r i s i s  there i s  a need to make as much 
l and a s  po s s i b l e  ava i l ab l e  f o r  m i neral  d e v e l opmen t . 2 3  

Ov eral l ,  BLM d e c id ed that i t  wa s r e s po n s i b l e  f o r  cond u c t i ng a 
r e v i e w  of wi t hd r a wa l s  o n  only 6 7 . 9  m i l l ion acre s s i nce F L PM A  spe­
c i f i c a l l y  e x c l ud ed f rom con s id er a t ion : 

. . .  p ub l i c lands  adm i n i ste red by the B u r e a u  o f  La nd 
Man ageme n t , and c e r ta i n  l an d s  in the Na t io n a l  Fore s t  
Sys tem wh i c h  are no t c l osed to appropr i a t ion und e r  the 
M i n i ng Law of 1 8 7 2 ,  or to l e a s ing und e r  the M i n e r a l  
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Le a s i ng Ac t o f  1 9 2 0 ;  c er ta i n  Ind i a n  Re s e rv a t i on s  and 
other Ind i a n  hold i ng s ; the Na t io n a l  Park Sys t e m ; the 
Na t ional Sys tem o f  Tr a i l s ; t he Na tional  W i l d  and 
Sce n i c  Rivers Sys tem ; the Na t ional Wi ld l i fe Re f ug e  
Sys tem ; a nd other l an d s  adm i n i s te red by the F i sh and 
W i ld l i fe S e rv i c e  or by the Secre tary through t h e  F i s h  
and W i l d l i fe Se rv i c e . 2 4 

At the e nd o f  1 9 8 0 ,  f in a l  d e c i s i o n s  we r e  anno u n c ed a l l oc a t i ng 
some 2 4 . 3  m i l l ion a c r e s  i n  9 6 7  trac t s  to Wi l d e r ne s s  S t udy Are a 
d e s ig na t io n . Th e  n e x t  pha s e  i n  a Wi l d erne s s  S t ud y  Ar e a  e v a l u a t e s  
a l l  re sourc e s  a n d  ac t i v i t ie s  i n  r e l a t ion s h i p  t o  e a c h  o t he r . Th i s  
analys i s  w i l l  g e n e ra te a recomme nd a t io n  to the Pr e s id en t  b e f o re 
1 9 9 1  a s  to the pre f e rred u t i l i za t io n . The Pre s id e n t  m u s t  t h e n  make 
h i s  recomme n d a t i o n  to Co ng r e s s  be fo re 1 9 9 3 . I f  the r e c omme nd a t i o n  
t o  t h e  Pre s id e n t  i s  f o r  w i ld e r ne s s  d e s igna t io n , then  a m i n er a l s 
i nven to ry m u s t  b e  mad e o f  the are a . Wi l d e r n e s s  S t ud y  Are a s  a r e  
i n corporated i n to Man ag eme n t  Framework o r  Re s o u r c e  Manageme n t 
Pl an s . Wh i l e  they a r e  i n  the s t ud y  pha se , they a r e  manag ed under 
spec i a l  g u id e l i n e s  that  s e e k  to pro te c t  the w i ld e rn e s s  c h a r a c­
t e r i s t i c s  o n  an i n te r im b as i s . BLM h a s  g iv e n  h ig he s t pr io r i ty to 
repo r t i ng to the Pre s id e n t  by Septembe r 1 9 8 5  a s  many W i l d e rn e s s  
Study Ar e a s  a s  po s s i b l e  that con ta i n  e n e rgy-r e l ated r e source 
con f l i c t s . For  B LM Wi ldernes s St udy Are a s , o i l and gas  a c t i v i ty is  
prac t i c al l y  impo s s i b l e  un l e s s  a n  ope rator had  been  phys i c a l l y  
wo rk i ng a l e a s e  pr i o r  t o  Oc tobe r 1 9 7 6 .  

The amo un t  o f  f e d e r a l  l and a c t u al l y  re s tr i c te d  by t h e  W i ld e r ­
n e s s  Re v iew Prog ram s  o f  BLM a nd the For e s t  Se rv i c e  i s  n o t  c l e ar . 
The c a s e  o f  C a l i forn i a  vs . B e rg l and preven ted r e l e a se to m u l t i p l e  
u s e  o f  C a l i fo r n i a  RARE I I  l and s o f  t h e  Fo re s t  Serv i c e  f o u n d  n o t  to 
have w i l d erne s s  charac te r i s t i c s . 2 5  Un t i l  the appe a l  o f  t h a t  c a s e  
i s  re so lved , t h e  s ta t us o f  r e l eased l and s n a t i o nw i d e  i s  u n c e r ta i n . 
The Fore s t  S e r v i c e  h a s  no u n i form pol i cy f o r  l e a s i ng o r  w i t hd ra w i ng 
t ho s e  RARE I I  w i l d e rne s s  s t ud y  l an d s  not a l ready l e a s e d  pr i o r  to 
the onse t of the RARE I I  eva l ua t ion . Even though t h e  l a nd s  may b e  
l eased , r e s t r i c t iv e  s t ipul a t io n s  may ke e p  trac t s  i n  t h e  s e v e re l y  
re s tr i c ted ca tego ry . The B LM ' s  Wi ld erne s s  S t ud y  Are a s  h ave t wo 
d i f fe r e n t  c l a s s e s  o f  re s t r i c t i o n s  pl aced on o i l  and g a s  l e a s e s 
wi th i n  t h em . As a r e s u l t o f  DO I ' s  d e c i s i o n  no t to app e a l  t h e  
Di s t r i c t  Cour t ' s  hold i ng reg ard i ng l e a s e s  i s sued  pr i o r  t o  e n a c tmen t  
o f  FLPMA ( Oc tobe r 2 1 ,  1 9 7 6 ) ,  s uch l e a s e s  w i l l  b e  adm i n i s te red 
acc ord i ng to the requ i reme n ts of the BLM ' s  I n te r im Ma n ag emen t  
Pol i cy , wh i c h  GAO charac te r i zed a s  app l y i ng " more re s tr i c t ive 
s tand a rd s "  than the Wi l d e r n e s s  Ac t i ts e l f . 2 6 , 2 7 

c .  G e n e r a l  Accoun t i ng O f f i c e  Rev i ew 

The 1 9 8 1  GAO r epo r t  und e r scores  the f a c t tha t the pro b l em o f  
obta i n i ng a c c ur a te e s t ima te s  o f  wi t hd ra wa l s  s t i l l  e x i s t s  b e c a u s e  
several ag e n c i e s ,  i nc l ud i ng tho s e  manag ing t h e  l a rg e s t  are a s  o f  
g over nme n t  l and , d o  no t ma i n ta i n  c e n tral r e co rd s o f  s uch w i t h­
d rawa l s . 

Th e GAO r epo r t  cov e r s  the to ta l amount o f  f e d e ra l  l a nd and the 
por t ion con s idered by USGS to be prospe c t ive l y  v a l u a b l e  for o i l  and 
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g as for 4 8  s ta t e s  ( e x c l ud ing Al aska ) . Of t he 4 1 0  m i l l ion to ta l 
federal a c r e s  i n  the s e  s ta te s , 2 6 1  m i l l io n  were cons i d e re d  to b e  
prospe c t iv e l y  v a l uabl e . GAO e st ima ted that 6 4 . 1 m i l l ion a c r e s  o f  
federal  l ands wer e  c l osed to f ed e r a l  l ea s i ng a s  o f  1 9 7 9 ,  a nd a s  o f  
February 1 9 8 0  t he r e  we re w i thd rawa l appl i c a t i o n s  pe nd i ng

_
o n

_
an 

add i t iona l 4 . 3  m i l l ion acres  o f  B LM l and . Of th e 6 4 . 1  m 1 l l 1o n  
acres  tha t have b e e n  wi thd rawn , more than 4 8  m i l l ion acre s we r e  
c l o s ed through forma l wi t hd rawa l s  and 1 6  m i l l ion t h r o u g h  adm i n i s­
trat ive act ions . 2 8  

Th e GAO s t ud y i n c l u d e s  a d e ta i l ed rev i e w  o f  the f e d e r a l  l and s 
i n  Colorad o , M i s s i s s ipp i , Nevad a ,  New Me x ic o , and Wyomi ng that  h av e  
b e e n  c l o s ed t o  o i l  and g a s  l e a s i ng . O f  t h e  2 0  m i l l ion a c r e s  GAO 
iden t i f ied  a s  c l o s ed to o i l  and g a s  l e a s ing , a t  l e a s t 1 1  m i l l ion 
acres are cons i d e red prospe c t iv e l y  v a l uab l e  fo r o i l  and g a s . 
Ano ther 1 6 . 5  m i l l ion acre s i n  the f ive s ta te s  r e v i e we d  co u ld b e  
a f fe c ted by t h e  wi l d e rne s s  prog ram . At l e a s t  8 . 5 m i l l ion a c r e s  o f  
the s e  lands  h ave s ome l i ke l i hood o f  conta i n i ng o i l a nd g a s . USGS 
d e f i n e s  " prospe c t iv e l y  v a l u ab l e "  oil  and gas l and s as  areas that  
of fer some po s s ib i l i ty for  the occ urrence of  o i l  a nd g a s . Th e 
d e s ig n a t io n  d oe s  not g uarantee tha t s u c h  l and s w i l l  be prod uc t iv e , 
a s  tha t c a n  be d e termined o n l y  by a c t u a l  d r i l l i ng . 

Of the 2 0  m i l l ion acres  wi t hd r awn i n  those s ta te s , 1 4  m i l l ion 
a c res  we re fo rma l w i thd rawa l s  and 6 m i l l ion a c r e s  we re adm i n i s tra­
t ive wi t hd rawal s .  Many of these  w i t hd ra wa l s  h av e  no t e rm i na t io n  
d a te s . Th us , un i t s canno t  be as sembl ed f o r  d ev e l opmen t  and 
eventual  prod uc t io n  on the s e  l and s . At l e a s t 5 5  pe rcen t of the se 
c l osed l and s have been id en t i f ied by USGS a s  prospe c t iv e l y  v al ua b l e  
fo r o i l  a n d  gas . 2 9  New Me x i co h a s  the h i g he s t  percentage  o f  
w i thd rawn lands  w i th o i l and g a s  po ten t i a l . Of the 3 . 9  m i l l io n  
acre s clo sed t o  l e a s i ng i n  New Me x ico , 3 m i l l ion a c re s , o r  7 6  
percen t ,  a r e  cons id ered to be prospe c t iv e ly v a l u a b l e  f o r  o i l  and 
gas . Nevad a , w i t h  6 . 6  m i l l ion acres wi t hd rawn , h a s  mor e  va l u a bl e 
o il and g a s  a c re ag e  c l osed than Ne w Me x i co , b u t  th i s  repr e s e n t s  a 
sma l l er por t ion o f  to ta l wi t hdrawa l s  i n  the s ta t e . 

GAO e s t i ma ted tha t 3 1 2 . 6  m i l l io n  barre l s  o f  o i l  and 1 5 6  b i l l i on 
c ub ic fe e t  o f  g a s  cou l d  be conta i n ed i n  the w i thd rawn l and s i n  the 
f i ve r ev i ew s ta te s . Ano the r 3 8 7 . 4  m i l l ion barre l s  of o i l and 1 6 2 . 4  
b i l l ion cub i c  f e e t  of  g a s  could be a f fe c te d  by B LM a nd Fo re s t  Se r­
v i c e  w i ld erne s s  prog r ams . 

d .  E nv i ronme n t a l  Pol i cy C e n t e r  Rev i ew 

The Env i ro nme n t a l  Pol i cy Cen te r ' s  1 9 8 1  repor t ,  M i ne r a l s  and the 
Publ i c  Land s , repo r ted a to tal l and w i thd rawa l f ig ur e  of 1 9 4 . 6 
m i l l ion acre s , i nc l ud i ng Al aska , comp i l e d  f rom the B LM i nven tory 
w i thd rawa l rev iew , Co ng re s s ional te s t imony , DO I ' s  P u b l i c  Land 
S tat i s t i c s , 1 9 7 9 , and per sona l  c ommun i ca t ion s . 

3 .  Alaska Publ i c  Land Wi thdrawa l s  

In Alaska , wi t hd rawa l s  account for the l arge s t  ag g r e g a te are a 
o f  fed eral l y  h e l d  land . Ex e c u t ive and Co ng re s s i o n a l  w i thd rawa l s  
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prom u l g a t e d  w i t h o u t  a c ompreh e n s ive re source s r e v i e w  c on s i d e r i ng 
t he n e ed s  o f  the s ta te o f  Al aska or the n a t i o n  hav e g iven r i se to 
l a n d - u s e  con f l i c t s . Land w i t hd ra wa l s  in Al a s k a  are a g ood e x ampl e 
o f  the pr oblem s  c r e a te d  whe n  e x t e n s i v e  hold ing s o f  g ov e r nme n t 
l and are f ed er a l l y  wi t hd rawn . Th i s  s ub j e c t  i s  d i s c u s s ed i n  the  
1 9 8 1  N PC r epo r t , u.s. A rc t i c  O i l  and Gas . 

I I .  Onshore Le a s ing and B idd i ng Sys tems and L e a s e  S t ipu l a t ions  

A .  S t a t u s  o f  Gove rnmen t  Lands 

1 .  Federal  Gove r nme n t  Land s 

Fed e ral gove r nmen t  l and s are h e l d  i n  t r u s t by the  fed e r a l  
gove r nmen t  and o wned by the  peopl e o f  the Un i te d  Sta te s . As shown 
on Ta b l e  1 9 ,  the federal  gove r nmen t  own s n e a r l y  7 2 8  m i l l ion ac re s 
o f  onshore l and i n  the  Un i te d  S ta te s - - abou t  on e -t h i rd o f  the  
n a t io n ' s  to tal are a . 

2 . S ta te Land s 

Al l of  the we s te r n  s t a t e s  e x cept Te x a s  a r e  g ove r nmen t l and 
s ta t e s  that  we re c r e a ted by a c t s  of Cong r e s s  f r om l and h e ld in the  
pub l i c  d oma i n . Th e enabl i ng leg i s l a t io n  c o n ta i ned prov i s i o n s  f o r  
s ta te l and g r a n t s  to be used for " we l f ar e '' p urpose s ,  s uc h  a s  
s chool s ,  un iv e r s i t ie s ,  p ub l i c  bu i l d i ng s ,  a nd improveme n t s . 
Although the  ma j or por t ion o f  s ta te l and s we r e  d e r i ved f rom s uch 
l eg i s l a t i o n , s ta t e s  also acq u i red l and throug h o th e r  mean s , s uc h  as  
for e c l os ure o f  state loan s , p urcha s e , or eminen t d oma i n . 

S ta te l ands we re i n t e nd ed to prov ide a s s e t s  tha t c o u ld be 
l iq u i d a te d  to prod u c e  f und s fo r the d e s i g nated u se s . Al thoug h some 
s ta t e s  sold the i r  l and imme d i a te ly and c ompl e te ly , by the e ar l y  
1 9 0 0 ' s  s t a te s  tend ed t o  re s e rve al l or par t  o f  t h e  m i ne r a l s r ig h t s  
whe n  prope r t ie s  we re sold . Each s ta te crea ted a c omm i s s i o n  or 
board to manag e  s t a te l and s and the rev e nue s d e r ived f rom them . 
The s e  board s prom u l g a te r ul e s and r e g u l a t i o n s  and e s tabl i sh f e e s 
f o r  acq u i r i ng m i neral  r ig h t s , l ea s i ng , e xp l o ra t i o n , and prod uc t io n . 

3 .  Ind i a n  Land s 

Ame r i can Ind i a n  l and s i n  the l owe r 4 8  s ta te s  c ompr i s e  ov e r  5 2  
m i l l ion acre s . Vi r t u a l l y  a l l  o f  the s e  Ind i an l and s are we s t  o f  the 
M i s s i s s i pp i , and many are l oca ted w i th i n  o i l and gas prod uc ing re­
g ion s . Fo ur teen Ind i an tr ibe s and n ume rous i nd i v i d u a l s  c ur r e n t l y  
are invol ved i n  o i l  and g a s  prod u c t ion on In d i an l a nd s . In 1 9 8 0 ,  
o i l  prod u c t ion o n  Ind i a n  l and s to taled  3 7  m i l l ion b a r r e l s ,  and 
natur a l  g a s  prod u c t ion wa s 1 1 5  b i l l ion cub i c  f e e t . 3 0  

The tr ibal l and and resource base wa s g re a t l y  e roded by the  
General  Al l o tmen t  Ac t of  1 8 8 7 ,  wh i c h  opened re s e rva t io n  l and s fo r 
l and g r a n t s  to ind iv i d u a l  tr ibal  membe r s . Be twe e n  1 8 8 7  and 1 9 3 4 ,  
9 0  m i l l ion acre s o f  t r i b a l  l ands were tran s f erred to i nd i v i d u a l  
Ind i an own e r sh ip . Th i s  pr ac t i ce wa s e nded w i th the  pa s s a g e  o f  the 
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Ind ian Reo rgan i za t ion Ac t i n  1 9 3 4 .  In add i t ion to s topp i ng a l lo t­
men t s , the Ind i a n  Re org a n i z a t io n  Ac t re a s s e r te d  the pr i n c ipl e s  o f  
tr ibal  sovere ignty and the sanc t i ty o f  the tre a t ie s . I t  a l so 
a utho r i zed the Se cre tary o f  the I n te r i o r  to acqu i re l and s on beha l f  
o f  t r i be s . 

Tr ibal  and ind iv i d u a l  Ind i an prope rty r ig h t s  e n j oy a l e g a l  
s tatus  d i s t inc t f rom p ub l i c  o r  pr ivate property . The Un i te d  States  
holds In d i an l and s and  re sour c e s  i n  t r u s t  f o r  the  pe rpe t u a l  and 
bene f i c i a l  u s e  o f  Ind i an peopl e . Th e Con s t i t u t i o n  ve s t s  a u tho r i t y  
ove r Ind i a n  a f f a i r s  e x c l u s ive l y  i n  the Cong re s s . Co ng re s s , i n  
t urn , h a s  d eveloped a spe c i a l  bod y o f  l a w  gove r n i ng Ind i a n  a f fa ir s . 
Th e Se cre tary o f  the In te r io r  adm i n i s t e r s  t h e s e  l aws and f u l f i l l s 
the governmen t ' s  f i d uc i a ry obl iga t ion to Ind i an s . 

Co ng re s s  has spe c i f i ed the terms und e r  wh i c h  Ind i an o i l  and gas  
resour c e s  may b e  d ev e l oped . Th e l aw proh i b i ts any s a l e , g rant , o r  
othe r conveyanc e  o f  Ind i an property or i n tere s t s  there i n . Ind i a n  
tr i b e s  and i nd i v i d u a l s  may e n t e r  i n to l im i ted t e rm ag reeme n t s  f o r  
t h e  d eve lopme n t  o f  the i r  o i l a n d  gas  re s o u r c e s  p u r s u a n t  t o  severa l 
Ind i an l ea s ing l aws . Mo s t  current o i l and g a s  ope r a t i o n s  are con­
d uc ted und e r  t h e  1 9 3 8  Ind i a n  M i nera l Le a s i n g  Law . Bot h  Cong re s s  
and the cour ts have pr e s e rved tr ibal control ove r  tr i b a l  r e source  
developmen t .  No l e a s e  o r  ag reemen t w i l l  b e  v a l i d  w i thout the wri t­
ten approval o f  the g ov e r n i ng bod y o f  the tr i b e  and the Secre tary 
of the Inter ior . S im i l a r  con sent  prov i s ion s appl y  to l ea s e s  f o r  
i nd i v id ua l  Ind i an l a nd s . 

B .  Petro l e um Deve l opme n t  on Governme n t  Land s 

As o f  1 9 8 0 ,  a lmos t  4 5 0 m i l l i on acre s , o r  abo u t  2 0  p e r c e n t  o f  
the tota l U . S .  l and b a s e , wa s und e r  l e a s e  f o r  o i l  o r  g a s  e xp l o r a ­
t ion and/or produc t io n . O f  t h i s  to tal a c r e a g e  und e r  l e a s e , o n l y  
abou t 5 0  m i l l ion acre s h ave proven t o  be prod uc t iv e . Th u s , abou t 
4 0 0 m i l l ion acres  are und e r  l e a s e  i n  areas  t h a t  a r e  nonprod u c t iv e  
or rema i n  t o  be te s ted f o r  t h e  e x i s te n c e  o f  o i l o r  g a s . Shown o n  
F i g ur e  2 5  i s  t h e  acreag e  that i s  und e r  l e a s e  o n  l an d s  contro l l ed by 
the federal  g overnmen t  as we l l  as that und e r  l e a s e  on pr i v a te 
l and s . Fed e r a l ly c ontro l l ed l and s i n c l u d e  a c r e ag e  o n  g ove r nme n t  
and Ind i a n  l and s . The acreag e  o n  governmen t l an d s  i s  a lmos t 3 0  
pe rcent o f  the e n t i r e  acreag e  und e r  l e a s e . 

In 1 9 8 0 , f e d e ral o f f shore l and s accounted f o r  more than 9 p e r­
cent of  U . S .  c r ud e  o i l  and cond e n s a te prod uc t io n  and 2 3  perce n t  o f  
d ome s t i c  natural g a s  prod uc ion . On shore , f e d e r a l  l and s ( e x c l ud ing 
Ind ian l a nd s ) prov ided more th a n  4 perc e n t  of a l l  d ome s t i c  c r ud e  
o i l and natur a l  g a s  l iq u i d s  prod u c t ion and more than 5 p e r c e n t  o f  
o u r  n a t u r a l  gas . 3 1 

C .  Gove rnme n t  Land s Lea s i ng and B id d i ng Sys tems 

1 .  Federal  Land s 

The pre s e n t  prov i s ions for l ea s i ng o i l  and g a s  und e r  th e 
M i neral Le as i ng Ac t o f  1 9 2 0  are s umma r i z e d  be l ow . Th e S e c r e tary o f  

1 2 7  
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the In terior  i s  no t obl igated to l e a s e  acreage i n  areas  where h e  
bel ieves l e a s ing i s  n o t  i n  t h e  pub l ic i n te re s t . 

A l e ase term i s  for a pe r iod of  1 0  y e a r s  o r  a s  l ong the r e a f t e r  
as o i l  o r  gas  i s  prod uced i n  pay i ng quant i t ie s . Any l e a s e  o n  wh i c h  
ac t ive d r i l l i ng i s  unde rway a t  the ex pi rat ion d a t e  i s  g ra n t ed a 
two-year e xt e ns ion . 

a .  Compe t i t i ve 

Al l land s w i t h i n  the known geol og i c  s t r u c t u re ( KGS )  of a pro­
d u c i ng o i l  or gas  f i e l d  mu s t  b e  leased c ompe t i t iv e l y  to the h ig he s t  
qua l i f ied b id de r . 

• C ompe t i t i ve lea s e s  are l im i t ed b y  l aw to a max imum of 6 4 0  
acres . 

• Roya l ty payme n t s  m u s t  not b e  l e s s  than 5 pe r c e n t , a nd l e a s e s  
a r e  pre se n t l y  i s s ued o n  a s l id i ng s c a l e  b a s i s  f r om 1 2  1 / 2  to 
2 5 pe rce n t , depe nd i ng upo n  mo nthly prod uc t io n  pe r we l l .  

• Compe t i t ive l e a s e s  ca rry an annual r e n t al o f  $ 2 . 0 0 pe r 
acre . 

• Le a s e s  can b e  trans fe rred or a s s igned , w i th the l e s s e e  b e i ng 
ab le to a s s ign al l or pa rt of  h i s  i n t e re s t i n  the l e a s e s  to 
one or more pa rt i e s . He can a l so a s s i g n  pa r t  of t h e  acre­
age , wh ich in e f fe c t creates a new l e a s e . 

Reg u l a t ions spe c i f ic to compe t i t ive l e a s i ng a re not ex t e ns ive . 
A KGS i s  d e f i ne d  q u i te s tr i c t l y  i n  the BLM r eg u l a t i on s , a s  " the 
trap i n  wh ich an ac cumu l a t ion of oil  or ga s h a s  b e e n  de t e rm i ned by 
d r i l l i ng and de t e rmi ned to be prod u c t i ve , the l im i t s  o f  wh i ch 
i n c lude al l acreag e  that i s  pre s ump t i ve l y  prod uc t ive . " 3 2  US GS 
reg u la t ions do not d e f i n e  the KGS a s  s uch , a l though ove r th e ye ars  
it  has d e f i ned the KGS of  a prod uc i ng oil  o r  ga s f i e l d  a s  the trap , 
whe the r s t ru ctural  o r  s t ra t i g raph i c , i n  wh i ch a n  ac cumu l a t ion o f  
o i l  or gas  h a s  take n plac e . T h e  l i m i ts o f  s uch s tr u c t u r e s  i nc l ude 
al l acreage that is pres umed to be prod u c t i ve . 

b .  Noncompe t i t i ve 

Land th a t  i s  not prese n t l y  under lea s e  i s  ava i l ab le to the 
f i rs t  qua l i f i ed appl i c a n t  who s ub m i t s  an appl i c a t io n , tog e the r w i th 
the f i rs t  ye a r ' s  rental  and a $ 2 5 . 0 0 f i l i ng fee . App l i c a t ions to 
l e ase th a t  cov e r  ope n lands  and that are rec e i ve d  i n  the s ame ma i l  
o r  over- the-counter a t  the s ame t ime , are cons i d e red a s  b e i n g  f i l ed 
concurrently ; these  l e a se s w i l l  be es tab l i s hed b y  a pub l i c  d raw i ng . 

Al l land s  th a t  are not w i th i n  a KGS a nd t h a t  a re cove red b y  
canc e l led or r e l i nq u i s h ed lease s ,  l ea s e s  that  a u t omat i c a l l y  t e r ­
mi nate fo r nonpayme n t  of rental , or lease s that  e x p i r e  b y  ope rat ion 
of l a w  a t  the e nd of  the i r  pr imary term or e x t e n d e d  t e rms are s ub ­
j e c t  to l e a s i ng o n l y  i n  ac cordance w i t h  t h e  reg u l a t ions re l a t i ng to 
s imu l taneous f i l i ng s . Not i c e s  of  the ava i l ab i l i t y o f  the s e  lands  
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are pos t ed i n  the BLM o f f ic e  i n  the s ta te a t  the s t art of  b u s i ne s s 
on the f i rs t wor k i ng d ay of  J a n uary , March , May , J u l y , S ep temb e r , 
a nd Nov emb e r .  Le ase appl i c a t ions for the l a nd s may b e  f i l e d  f r om 
the t ime of  pos t i ng u n t i l  the c los e of b u s i ne s s o n  the 1 5 th work i ng 
d ay there a f te r . 

A f te r th e w i nn i ng app l i ca n t  o f  a pa rt i c u l a r  tra c t  or parc e l  h a s  
b e e n  not i f i ed b y  t h e  BLM , t he exe cu ted l e a s e  ag r e eme n t  and the 
app l i ca n t ' s  ren t a l  payme n t  mus t b e  f i l e d  wi th the BLM o f f i c e  w i th i n  
3 0  d ays . Non compe t i t ive le a s e s  ca rry a n  annu a l  r e n tal of $ 2 . 0 0  pe r 
acre ; the royal ty for noncompe t i t ive l e a s i ng i s  1 6  2 / 3  pe rc en t .  

c .  L e a s e  I s s uance on Wi l d e rne s s  Land s 

The va s t  ma j o r i ty o f  w i l de rn e s s  a re a s  a re l o c a t ed on l a n d s  
ma naged b y  B L M  o r  t h e  Fore s t  S e rv i c e . Le a s e  i s s ua nce i n  t ho s e  
areas h a s  b e come a g r e a t  concern b e c au s e  of  t h e  t ime cons t ra i n t s  i n  
t h e  Ove rthr u s t  B e l t , wh i ch l i e s a l o ng t h e  g e ne ral Rocky Mou n t a i n  
fron t  from Canada to M e x i c o . Gove rnme n t  re cord s s how tha t 2 4  
l e a s e s  have b e e n  i s s ued i n  w i l de rnes s areas ove r the pa s t  1 0  ye a rs : 

• Fou r t e e n  i n  the We s t  E l k  Wi l de rnes s i n  C o lorad o ,  i s s ue d  i n  
1 9 7 2 a nd 1 9 7 3  

• Four i n  t h e  Ab s aroka Bear tooth W i l d e rn e s s i n  Mon ta n a , i s s ued 
in 1 9 7 9  

• Three i n  the B r id ge r Wi l de rnes s  i n  Wyom i ng ,  i s s ue d  i n  1 9 7 4  

• T h r e e  i n  the C ap i ta n  W i l d e rne s s  i n  New Mex i c o , i s s ue d  i n  
1 9 8 1 . 

Through the e nd o f  1 9 8 1  no d r i l l i ng h ad oc c ur r ed on a ny o f  th e s e  
l e ases . I n  fact , i s s ua nce o f  the three l e a s e s  i n  the Cap i ta n  
Wi l d e r n e s s  sparked s u ch con trove r sy that Congre s s  s ho r t l y  there­
a f te r  pa s sed a reso l u t i o n  temporar i l y  b a n n i ng a ny f u t ur e  l e a s e s  in  
w i l de rn e s s areas unt i l  m i d - 1 9 8 2 . 

S ome l e a se app l i ca t i o ns on l a n d s  ma n ag ed b y  th e Fores t S e rv i c e  
l y i ng w i t h i n  RARE I I  a re a s  have b e e n  f i led  f o r  u p  t o  seve n ye a rs 
w i thout b e i ng i s s ue d . E ve n  those appl i c a t ions tha t d o  n o t  l i e  
wi th i n  e nv i ronme n tal ly se ns i t ive areas of ten awa i t  approv a l  o f  the 
ma nag i ng agency fo r a nywh e r e  from two to s i x mon t h s . Th i s  prob l em 
d oes not a r i se i n  compe t i t ive l e a s i ng , s ince the maj o r i ty o f  these  
le a s es a r e  n o t  loca t ed in  e nv i ronme n t al l y  s e ns i t i ve a r e a s . Th e s e  
l e as e s  g e n e ral l y  t ake from 3 0  t o  6 0  days to i s s ue , a nd a re i s s ue d  
wi th wha t e ve r  s t ipu lat ions  we re s pe c i f i ed i n  t h e  not i c e  f o r  t h e  
s al e . 

2 .  S ta t e  Lands  

The re is  a wide  d iv e rs i ty o f  s tate b id d i ng a nd l e a s i ng sys tems . 
Tab le 2 0  prov ides  e xampl e s  o f  how some s ta t e s  l e a s e  the i r  s t a t e  
l a nd s . 

1 3 0  



State 

A l a ska 

C a l i fornia 

1-' 
w 
1-' 

Colorado 

Irlaho 

Lou i s iana 

Montana 

B i dding System 

Noncompet i t i v e  ( not b e i ng 
u s e d )  
At d i s c r e t io n  o f  Comm i s s ion­
e r  and a f t e r  pub l icat ion of 
not i c e  
Compe t i t i v e  
S e a l e d  b i d  with a n y  
comb i nation o f : 
( a )  Bonus b i d  
( b )  Roy a l t y  b i d  
( c )  N e t  pro f i t s  

Com,ee t i t i v e  
Seal ed bid with a ny o r  a l l  
() f :  ( a )  Cash bonus plus 
s l idi ng s c a l e  r o ya l t y  ( not 
l e s s  than 1 6- 2 /3 % )  ( b )  
S l idi n� s c a l e  o n  o i l  ( c )  
F i x ed roya l t y  o f  n o t  l e s s  
t h a n  1 6 -2 / 3 %  
bonus 

Comee t i t i v e  
Or a l  biddi ng 

Competitive 
Or a l  biddi ng 

Compe t i t i v e  

( d )  Net prof i t s  

Sea l ed biddi n g ,  with 
" "Y o r  all o f : 
( a )  Cash bonus b i d  
( b )  Roya l t y  bid 

Compe t i t i v e  
Ora l  biddi ng 

TABLE 2 0  

Exampl es o f  State Lea s i ng and B i d d i ng Systems 

Lease Term 

Not l es s  than 5 y ea r s  
or m o r e  t h a n  1 0  yea r s ,  
and ' 'as long t h e r e a f t e r  as 
o i l  a n d/or gas is produced 
in paying quant i t i es '' - ­
Estab l i s h ed by Commiss ioner 
i n  Sa l e  not i c e  

2 0  y ea r s  a n d  " a s  long 
therea f te r 11 

5 y ea r s , and additional 
5 year extens i o n ,  a n d  " a s  
long t h e r ea f t er' '  

10 y e a r s  anc'l 
''as long thereaf t e r '' 

3 y e a r s  ( onsho r e )  and 
' 'as long t h e r ea f te r '' 

1 0  y e a r s  and ' ' a s  
l o ng therea f t e r "  

L e a s e  Rentals 

$ 1 . 0 0 / a c r e/year­
i n c r eas e 5 0¢/a cre/ 
y e a r  through 5 y ea r s  
a f t e r  5 yea r s , Comm i s ­
s io n e r  can r a i s e  a t  
h is d i s c r et ion ( but 
cannot more than 
doub l e )  

$ 1  • 0 0/ac r e/yea r 

$ 1 . 0 0 /ac r e/ y e a r  - -
f i r s t  5 yea r s  $ 
comm e n c i ng b eg i n-
n i ng of 6th year 

$ 1 .  0 0 / a c r e/yea r 
f i r s t  5 yea r s , 
$ 2 . 0 0/ a c r e/ y e a r  
c o�nenci ng begi n­
.-. i ng of 6th yea r ,  
$ 3 . 0 0/ a c r e/year - ­
commen c i ng b e g i n ­
n i ng o f  1 1 t h  year 

Bid i t em ( but not 
l e s s  than 1 /2 of 
cash bonus b i d  
o f f e r e d )  

$ 1 . 5 0/ a c r e/ y e a r  for 
f u l l  term o f  l ea s e  
p l u s  $ 1 . 2 5 / a c r e/ y e a r  
commen c i n g  6th y e a r  
( non-dr i l l i ng pena l t y )  

Lea s e  Roya l t i es 

ll i d  item -
Pixed , s l i d i n g  
s ca l e ,  net prof i t s , 
or comb i nation o f  
any o r  a l l  

F i x e d : B i d  i t em 
( but not l es s  than 
1 6 - 2 /3 % )  

S l i d i n9 s c a l e :  
B i d  i t em 

1 2 - 1 / 2 %  

1 2 - 1 /2 %  ( ma y  b e  
h igh e r  i f  
adver t i s e d  i n  
n o t i c e  of l ea s e  
s a l e )  

Birl i tem ( bu t  not 
l es s  than 1 2 - 1/2 % )  

Gas - - 1 2 - 1 /2 %  
O i l  - - S l i d i n g  

s c a l e  
Bbl/W e l l Rate 
0 - 3 , 0 0 0  1 2 - 1 /2 %  
3 - 6 , 0 0 0  1 7 - 1 /2 %  
Over 6 , 0 0 0  2 5 %  

Max imum S i z e  
o f  Lea s e  

5 , 7 6 0  a c r e s  

5 , 7 6 0  a c r e s  

6 4 0  a c r e s  

6 4 0  a c r e s  

2 , 5 0 0  a c r e s  
( by Board 
po l i c y )  

5 , 0 0 0  a c r e s  
( by s tatute ) 

6 4 0  a c r e s  

Appr o x imat e  T ime o f  
Lease I s s ua n c e  

Less t h a n  3 0  d a y s  
a f t e r  b i d  a w a r d  

3 0 - 6 0  d a y s  a f t e r  
b i d  awa r d  

Less than 60 days 
a f t e r  bid award 

1 0 - 2 0  days a f t e r  
b i d  award 

3 0 - 6 0  days a f t e r  
b i d  awa r d  



f-' 
w 
N 

State Bidding Sys t em 

Nevada Negotiated with 
Admi n i s t r a tor of State 
Lands 

New Mexico Competi t iv e  

North 
Dakota 

Ok lahoma 

Texas 

Utah 

Wyom i ng 

Can be e i ther oral or 
s e a l ed b i d , at di s c r etion 
of Commi s s ioner 

Competitive 
Oral bidd i ng 

Compet i t i v e  
Sea l ed b i d  

Competitive 
Seal ed b i d , with 
any or a l l  o f : 

( a )  Cash bonus bid 
( b )  Roya l t y  bid 

Compet i t ive 
sealed bid 

Noncompe t i t i v e  ( not b e i ng 
u s ed at p r es en t ) 
Leased on appl icat ion , wi th 
l e a s e  bei ng awarded to f i rs t  
qua l i f i ed appl i c a n t  

Noncompe t i t i v e  
( a )  Applicat ion for u n l ea s ed , 

open la nds -- l e a s ed to 
f i r s t  qua l i f i ed 
applicant 

( b )  Simultaneous f i l i n g 
s y s t em  for l ea s e s  t ermi­
nat i ng by s ur r ende r ,  ex­
p i ra t i on or c a nc e l la t ion , 
or whether 2 or more ap­
p l i cations are i n  con­
f l i c t  -- leas ed to f i r s t  
qua l i f ied appl i c a n t  

Lea s e  Term 

Negot i a t ed 

1 0  y ea r s  and " a s  long 
t h e r e a f ter''  

5 years and ' 'as long 
therea f ter''  

5 y e a r s  and ' 'as long 
th e r ea f t e r'' 

3 yea r s  ( onshor e )  
and " a s  long 
therea f t e r 11 

1 0  years and " as 
long therea f t e r "  

1 0  y e a r s  and ' 'as 
long t h e r e a f t e r  . .  

TABLE 2 0  ( Co n t i nue d )  

L ea s e  Rentals 

Not l e s s  than 
$ 1 .  0 0 / a c r e/year 

10¢ to $ 1 . 0 0/acre/ 
year , a t  d i s c r et ion o f  
Comm i s s ioner ( no t i c e  
m u s t  b e  g i v e n  p r i o r  t o  
s a l e )  

$ 1 . 0 0 / a c r e/year 

$ 1 . 0 0 /acre/year 

$ 5 .  0 0 / a c r e/year 

$ 1 .  0 0/ a c r e/year 

$ 1 . 0 0/acre/year - ­
$ 2 . 0 0 / a c r e/year 

a f t e r  e s ta b l i sh­
ment o f  produc t i o n  

Lease Roya l t i e s  

1 5% 

1 2 - 1 /2 %  or 1 6- 2 / 3 %  
at d i s cr e t i o n  o f  
Commi ss ioner 
( no t i c e  mus t  b e  
given p r i o r  to 
sal e )  

1 6- 2 / 3 %  

1 8 - 3 /4 %  

2 5% ( except f o r  
2 0 %  on Far West 
Texas wildcat 
a c r eag e )  

1 2 - 1 / 2 %  

1 2 - 1 /2 %  

Maximum Size 
o f  L e a s e  

1 , 2 8 0  a c r e s  

6 , 4 0 0  a c r e s  

App roxima t e  T i m e  o f  
Lea s e  I s s u a n c e  

3 0 - 6 0  d a y s  

1 4  days a f t e r  b i d  award 

1 6 0  a cres 30 days after b id award 

No s tatutory 3 0  days after b i d  award 
l imi tation 
hut genera l l y 
not larger 
than 1 6 0 
a c r es 

6 4 0  a c r es 3 0  days a f t e r  b id awa r d  

2 , 5 6 0  a c r es 3 0  days a f ter bid award 
( but within 6 

m i l e  squa r e ) 

1 ,  2 8 0  a c r es 60 days a f t e r  b i d  award 



3 .  I nd i a n  Land s 

Th e leas i ng system for Ind i an o i l  and g a s  d e v e l opme n t  i s  i n  
a s tate o f  tran s i t io n . H i s tor ical ly , o i l  and g a s  d e ve lopme nt 
occu rred und e r  conce s s ion ag reeme n t s . Th e te rms of the ag reeme n t s  
we re d e t e rmined by the s tand ard l e a s e  fo rm a n d  re g u l a t ions o f  the 
Bureau o f  Ind i an Af fa i r s  ( B IA ) , wh i c h  is re spo n s i b l e  f o r  admi n i s­
ter ing Ind ian t ru s t  ma t te r s  on beha l f  o f  th e Secre tary o f  th e 
I n te r io r . S i nce the 1 9 7 0 ' s ,  howeve r ,  ma ny t r i b e s  have r e j ec ted the 
s tandard l e a s e  approach i n  f avo r of  a l te rna t i ve fo rms of con trac t s  
and pro f i t  sh a r i ng arrangements . B IA a l so i s  r ev i s i ng i t s  reg u l a­
t ions to e xpand tr i b a l  control and f l e x i b i l i ty i n  n e g o t i a t i ng o i l  
and ga s ag reeme n t s . 

Th e r e  are certa i n  s tatutory re s tr i c t i o n s  o n  the t e rms of  I n d i an 
o i l  and gas agreeme n t s . Some o f  the key prov i s i o n s  i n c l ud e  the 
fol low i ng : 

• In mo s t  i n s tance s ,  o i l and g a s  contrac t s  can be s e c u red o n ly 
a f te r  a compe t i t ive b idd ing proce s s . Th e ma j o r  e x cept ion 
is that t r i b e s  org a n i z ed und e r  the In d i an Re o rg an i z a t i o n  Ac t 
h ave the d i s c r e t ion to use wh a teve r method s the i r  t r i be 
autho r i z e d  i n  i t s  Co ns t i tut ion . Al so , non- I n d i an Re org an i ­
z a t ion Ac t t r i be s may negot i a te ag re eme n t s  a f te r  certa i n  
compe t i t ive b i d d i ng proced u r e s  have b e e n  s a t i s f ie d . 

• Ind i a n  o i l  and g a s  ag reeme n t s  mu s t  be co- s ig ned by both the 
Ind i a n  own e r  and the Se cretary of th e I n t e r i o r  o r  h i s  d e­
s ig n ate ( i . e . ,  the Di rector o f  B I A ) . 

• Th e pr imary term o f  Ind i an o i l  and g a s  contrac ts c annot 
e x c e e d  1 0  year s . 

• Oi l and g a s  ope rat ions mu s t  comply w i th r u l e s  and regul a­
t ions pr e s c r i b ed by the Se cre tary of the In ter ior . 

Ce rta i n  s ta t utes  pre s c r i be spe c ial  proc e d u r e s  f o r  ind i v id u a l  Ind i an 
lands and for c e r ta i n  r e s e r va t ion s . The tr ibe s covered by u n i q u e  
l eas i ng l aws i n c l u d e  the Os ag e  Na t ion , t h e  F i v e  C i v i l i z e d  Tr i b e s  o f  
Ok lahoma , t h e  Crow Tr ibe , and the Shos hone Tr i be o f  th e W i n d  Rive r 
Re se rva t ion . 

D .  Le a s e  S t i p u l a t ions 

1 .  Federal Lea s e  S t ipu l a t ions 

A rev i ew of s tand ard and spec i a l  s t ipu l at i o n s  app l ied b e f o re 
the lea s e  i s  i s s ued reve a l s  tha t bas i c a l ly two types are u s e d : 
s i te - or re source-spe c i f i c , and al l-e ncompa s s i ng . 

Th e s i te- o r  resource-spe c i f i c s t i p u l a t ion i s  d ev e loped to 
d e f i ne or re s tr i c t  s ur f ace u s e  in a par t i c u l ar area or d u r i ng a 
par t i c u l ar s e a so n . Th e value o f  the s t i pu l a t io n  i n  bal anc i ng 
envi ronme n t a l  pro te c t ion and d evelopme n t , d epend s upo n  the qua l i t y  
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o f  i n f o rma t io n  s uppo r t i ng i t .  Wh e r e  a spe c i f i c  a n a l ys i s  has b ee n  
prope r l y  prepa red i n  a t i me l y  manne r ,  the re s u l t  c a n  b e  a n  e f fe c ­
t ive too l  f o r  l e ase dev e l opme n t  fo r b oth t h e  ag e ncy a nd t he l e s so r . 

The al l- e ncompa s s i ng s t ip u l a t ion was the type mos t of t e n  
app l i ed a s  s ta ndard for al l l e a s e s  of fered i n  a s ta t e . The s t ipu­
l a t ion de sc r ib e s  a n  ag e n cy 1 s e nv i ronme ntal prote c t i o n  au t ho r i t i e s  
i n  vague t e rms . Th i s  type of  s t ipu lat ion i s  t h e  mos t onerous  i n  
pl a n n i ng f o r  c ompl i an c e  req u i reme n t s , b ot h  fo r the age ncy a nd t h e  
ope r a tor . Oppone n t s  o f  d e velopme n t  ca n u s e  th i s  type o f  s t i p u l a ­
t ion to r eq u i r e  nume rou s r epo r t s  and a s se s sme n t s , r e s u l t i ng i n  
ad d i t io n a l  s pe c i a l  s t i p u l a t ions tha t may pr oh ib i t  s u r f ace o c c upancy 
or de lay deve l opme n t  un t i l  the  ope r a to r  ab a nd ons the pr oj e ct . An 
agency s ta f f  can use the s ame approa ch to avo id mak i ng a d e c i s i on 
o n  the proj e c t , e s pe c i al ly i n  s e ns i t ive a re a s . 

a .  Lea s i ng w i th S t i p u l a t i o n s  De r i ved f rom Fore s t  
S e rv i c e  P l ans and BLM P l ans 

The mos t ob v i ou s  a nd d i re ct impa ct o f  land- u s e  p l a n n i ng o n  a n  
o i l  a nd g a s  l e s se e  i nvo lves t h e  BLM 1 s proced u r e  fo r s e l e ct i ng l e a s e  
s t ipu lat i o ns o r  re j e ct i ng l e a se o f fe rs . I n  add i t i o n  to the  g e n e r a l  
"ope n e nded " s tandard s t ipu l a t ions u sed i n  al l leas e s , o t h e r  spe ­
c i al lea s e  s t ipu l a t i o n s  a r e  e s t ab l i sh ed b y  BLM . O th e r  s t ipu l a t i o n s  
a re s e l e c t ed b y  the  ag e ncy ch a rged w i th adm i n i s t e r i ng t h e  l e a s e  
tract a nd a r e  i ncorpo r a t ed i n  the  l e a s e  w i th the  c on c ur r e n c e  o f  t h e  
Conse rva t io n  D iv i s io n  of  US GS . T h e  s t ipu l a t ions r a ng e  from m i n imal 
re c l ama t i o n  r eq u i reme n t s  to a proh ib i t ion of  s ur f ace o c cupancy . 
S t ipu l a t ions t h a t  c ompl e te l y  proh ib i t  s ur f a c e  oc cupa n cy h ave b e e n  
ch aracte r i z ed a s  i n cons i s te n t  wi th t h e  M i ne r a l  Leas i ng A c t . 3 3  
The Un i ted S t a te s  Di s t r i c t  Cou r t  of  Wyom i ng a c cep ted t h i s  po s i t ion 
with regard to w i l de r n e s s  s tud y area s t ip u l a t ions  a nd e n te r e d  an 
orde r i nval i d a t i ng s uc h  s t ipul a t io ns in  c e rt a i n  l e a se s . 3 4  Mos t 
le a s e  s t ipu l a t i o n s , howeve r ,  w i l l  not f al l  wi th i n  the  r a t i o n a l e  o f  
t h a t  c a s e . 

To the e x t e n t  that  the Fores t S e rv i c e  controls  a c c e s s  to or u se 
of the  s u rf ace b y  o i l a nd g a s  l e s se e s , l e a s e  s t i p u l a t i o n s  o r  a c t i o n  
on l e a s e  of f e rs o n  Fores t S e rv i c e  l a nd s  a r e  d i c t a ted b y  the 
Nat ional E n v i ronme n t a l  Po l i c y  Act o f  1 9 7 0  ( NEPA ) and  the  con fo rm i ty 
req u i reme n t s  of Fores t S e rv i c e  Re sou rces  P l a n n i ng Ac t reg u l a t ions . 
The For e s t  S e r v i c e  pe r forms mor e  e xt e ns i ve e nv i ronme n t al a n a l ys e s  
t h a n  BLM - - a n  E I S  may b e  prepa red o n  a s i ng le le a s e  o r  a n  
App l icat ion for Pe rmi t t o  Dr i l l  ( AP D ) . B e fore i mpl e me n t a t i o n  of  
the Re sources  P l a nn i ng Ac t ,  o i l  a nd ga s d e ve l opme n t  w a s  r a r e l y  d i s­
cus s ed i n  un i t  p la n s . I ns te ad , i t  wa s treated i n  fore s t  o r  mu l t i ­
fo res t oi l a nd ga s E I S s . Today , i f  a For e s t  P l a n  d o e s  not cont a i n  
any r e ferences  t o  pos s ib le i mpa c t s  o f  o i l  a nd g a s  o r  i f  a Fore s t  
P l a n  i s  not i n  e f f e c t  a nd t h e  appl i c ab le o i l  a nd ga s E I S  o r  u n i t  
p la n  d o e s  not  s u f f i c i e n t l y  d e a l  w i th s u rface r e s o u r c e s  a s  t h e y  
conf l i c t  w i th m i n e ral deve l opme n t , the  Fore s t  S e rv i c e  h a s  a s ta tu­
tory ob l i g a t ion to d e l ay a c ti ng upon l e a s e  appl i c a t i on s , pen d i ng 
comp l e t io n  of an ad equate  e nv i ronme n tal analys i s .  
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Th e e n v i ronme n t a l  ana ly s i s  prov i d e s  the b a s i s  f o r  spe c i a l  l e a s e  
s t ip u l a t i on s , t e rms , or cond i t i on s imposed b y  B LM a t  Fore s t  Ser v i c e  
r eque s t . It can be the bas i s  for a recommend a t i o n  ag a i n s t i s s uance 
of  the lease by a reg ion a l  fore s te r .  B LM u s u al l y  honor s s u ch 
recommend at ions . Th e spec i f i c s t a t u to ry obl i g a t i o n s  and e x te n s ive 
data requ i r eme n t s  of the For e s t  Serv i c e  have o f te n  d e l ayed comp l e­
t ion of  s uch an analys i s . Subs tan t i a l  d e l ay s  i n  rev iew i ng l e a s e  
appl icat ions h ave b e e n  reported at the pre s e n t  t ime . The s e  d e l ay s  
may b e  d u e  i n  pa r t  t o  the f a c t  that each l e a s e  i s  rev i ewed by the 
re g iona l B LM o f f i c e  o r , i n  the case of spec i a l  l an d s  i nc l ud ing 
w i l d e r ne s s , rev i ewed persona l ly by the B LM Di re c to r . 

The impo s i t io n  o f  a l l eg e d l y  unwarran te d  s t i pu l a t i o n s  a nd the 
r e j e c t io n  o f  l e a s e  o f fe r s  has e ngend e r ed n ume r o u s  appe a l s  to the 
In te r ior Bo ard o f  La nd Appe a l s  ( I B LA ) . Appe al f rom B LM a c t io n  o n  a 
l e a s e  appl i ca t ion fol l ows the appe a l  proc e d ure s o f  DO l .  Appe a l  
f rom Fo re s t  Se rv i c e  ac t ion on a l ea s e  appl i c a t i o n  m a y  f o l l ow Fo re s t  
Service appe a l  proc e d ure s o r  DO l proc e d ure s . Wh i l e  the  s ub s ta n c e  
o f  BLM and Fo re s t  Se rv i c e appe a l s  d o e s  n o t  d i f f e r  no t i c e ab l y , the  
BLM appe a l s  d i f fe r  proc e d ur a l l y  f rom those  of  the  Fore s t  S e rv i c e  
because o f  t h e  e x i s te n c e  o f  IBLA . Th e I B LA op i n i o n s  prov i d e  the 
bulk of  admi n i s tr a t ive preced e n t  i n  o i l  and ga s ma t t e r s  b e c a u s e  the  
Fore s t  Se rv i c e  h a s  no s im i l ar d e c i s ion- r epo r t i ng sys tem and be­
cause , g iven a c ho i c e , mo s t  appe l l an t s  c hoose to app e a l  to DO I .  

Gene r a l ly , a B LM d e c i s ion no t to l e a s e , o r  to l e a s e  wi th r e­
s tr i c t ive t e rm s , i s  uph e l d  i f  the adm i n i s tr a t i v e  r e c o rd s uppo r t s  
t h e  d ec i s ion . 3 5  I f  the  record doe s n o t  s uppor t the  s t ip ul a t ion s 
o r  l e ase o f f e r  r e j e c t ion , however , o r  i f  un r e so l ve d  q ue s t ions about 
the propr i e t y  o f  the s ame rema i n ,  the  ma t t e r  w i l l  b e  r emanded to 
the BLM f o r  fur the r rev iew to d e te rm i n e  i f  a lease c an b e  i s s ue d  or 
a s t ip ul a t io n  may be avo ided . 

The above d i s c u s s ion po i n t s  out the  n e e d  to e n s ure tha t Fore s t  
Pl an s ,  MFPs , o i l and g a s  E ISs , o r  umbre l l a Env i ro nm en ta l  As se s sm e n t  
Repo r t s  a r e  a c c ur a t e  when they a r e  prepared , a n d  t h a t  they are f r e ­
q ue n tly upd a ted . The Fo re s t  Se rv i ce l and-u se p l a n s  a r e  by s ta t ute 
much mor e  c ompreh e n s ive than the B LM RM Ps , b u t  both t h e  Fore s t  
S e rv ice and B LM a r e  proh i b i ted from d ev i a t i ng f r om tho s e  pl an s . 

b .  Dr i l l ing Ope r a t ions and S t i p u l a t i o n s  

Th e s e l e c t ion of  terms and cond i t io n s  f o r  a pre-d r i l l ing ope ra­
t ions plan is s im i l ar to the proce s s  for s e l e c t io n  o f  l e a s e  s t ip u­
l a t ions . Upo n  r e c e ipt o f  a map d e p i c t i ng a propo sed d r i l l i ng s i te ,  
B LM r e v i ews the appl i c abl e M F P  o r  RM P to d e t e r m i ne i f  cond i t ions  o r  
s t ipul a t ions m u s t  be impo sed to pr ev e n t  s u r f a c e  d i s t urbance  a t te n­
dant  to propo s ed s urve y i ng and s ta k i ng . USGS and B LM mu s t  con c u r  
b e fo re s uc h  s t ipul a t io n s  wi l l  b e  impo sed . 3 6  Whe th e r  cond i t io n s  
a r e  imposed i n  the i n i t i a l  prel iminary e n v i ronme n t a l  r e v i e w , B LM 
mus t al so rev iew an ope rator ' s  " mu l t i po i n t  s ur f a c e  u s e  and ope ra­
t ions pl a n "  to e n s ur e  e nv i ro nme n t a l  pro te c t ion a nd con form i ty w i t h  
the ex i s t i ng M F P  o r  RMP .  
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L ik e  BLM , t h e  Fore s t  S e rv i ce has a " c oope ra t ive ag r e eme n t " wi th 
USGs . 3 7  The Fore s t  S e rv i c e  agre e s  to pe r fo rm ne c e s s a r y  e nv i ron­
me n tal rev i ews and prov i d e  the da ta to USGS fo r u s e  in e nv i ronm e n­
tal a n a l y s e s  on d r i l l i ng and prod u c t i on . S u ch e n v i ronme n tal 
a s se s sme n t s  mu s t  conform to the land use p l a ns . The  Fore s t  S e rv i ce 
is al so to prov i d e  the nece s s a ry e nv i ronme n t a l  prote ct ion r eq u i re­
me nts , wh i c h  USGS then impo s e s  and e n force s . 

c .  O f f-Lease  Ac t i v i t i e s  

Many o f f- l e a s e  ac t iv i t i e s  are also a f f e c t ed b y  the l a nd - u se 
p lann i ng pro c e s s . E v e ry o f f- lease  agency a c t ion o f  any consequenc e  
( e . g . , the g r a n t i ng o f  a p i pe l i ne r i g h t-o f-way ) r eq u i re s  an RMP o r  
MFP ame ndmen t  t o  make t h e  p lan co n form w i th the propos ed a c t i on i n  
t h e  c a s e  of  BLM , and w i th t h e  Fores t  P l a n  i n  the c a s e  o f  t h e  Fores t 
S e rv ic e . 

2 .  S tate Le a s e  S t ipu l a t ions 

E a ch s ta t e  h a s  i t s  own me t hod s for d evelop i ng a nd e n forc i ng 
l e ase s t ip u l a t ions . As wi th fed e ral l e a se s ,  s ta t e  l e a s e  s t ip u l a­
t ions de r ive the i r  au thor i ty prima r i l y  from s ta t e  e n v i ronme n t a l  
protect ion laws , a nd le ase s  mu s t  compl y  wi th al l t h e  req u i r eme n t s  
and ru l e s  o f  t h e  s tate land s d epa r tme n t . Many s ta t e s  a t tach spe­
c i al s t ip u l a t ions to o i l  and gas  l e a s e s  wh e re un u s ua l  c i rcums tances 
requi re i t . For e x amp l e , there are s ome areas in  Wyomi ng wh e re the 
Game and F i sh Commi s s ion req u i re s  that ope r a t ions be r e s t r i c t ed or 
proh i b i t ed d u r i ng c e rta i n  t i me s of  th e year -- s u ch as  d u r i ng 
b r eed i ng o r  m i g r a t i ng s e asons . Thes e s t ip u l a t ions a r e  made o n  a 
cas e-b y- c a s e  b a s i s , howeve r ,  and are not s tandard pra c t i c e . 

S ome s ta t e s  s impl y  requ i re tha t l e s s e e s  c omp l y  w i th a l l  s ta t e  
l aws and r eg u l a t i ons and h ave n o  spe c i f ic e nv i ronme n t a l  s t i p u l a­
t i ons or r eq u i reme n t s  on the i r  o i l  and g a s  lea s e s . Many s ta t e s  
i ncorpo rate a pa rag r ap h  i n  t h e  l e a s e  contrac t i t s e l f  t o  take c a re 
of  env i ronme n t al concerns ; othe rs cond u c t  a rev i e w  o f  e a c h  l e a s e  
appl i c a t ion b y  t h e  e nv i ronm e n tal d i v i s ion of  the s t a te l a nd s  d e­
pa rtme n t . 

At the t ime whe n  a lease  s a le i s  announced , a l i s t  o f  l ea s e  
s t ipu l a t ions i s  pos ted w i th t h e  sale  l i s t .  Th u s , b e fo re le a s i ng a 
trac t , e a ch l e s s e e  i s  aware of  the e x tent o f  d e v e l opme n t  e xpe ns e s  
h e  may e n cou n t e r  and c a n  pla n h i s  d eve l opme n t  and a c t i v i t i e s  a round 
these req u i reme n t s  w i th a m i n imum of de l ay . 

3 .  I nd i a n  Lease S t i p u l a t ions 

S t ipu lat ions on I nd i an o i l  and g a s  agreeme n t s  vary a mong t r ib e s  
and among i nd i v i d ua l  owne rs . Whe n  neg ot i a t i ng a n  o i l  and ga s 
contra c t , an I nd i an t r ib e  may i nc l ude s t ipu lat i o n s  r e g a rd i n g  the 
employme nt and t r a i n i ng of tr ib a l  memb e rs , prof i t  s h ar i ng , 
accoun t i ng ,  e n v i ronme n t a l  prote c t ion , a nd oth e r  ma t t e r s . O i l  and 
ga s ag r eeme n t s  on I nd i a n l a nd s  req u i re compl i a nce w i th appl i cab l e  
tr ibal ord i na n c e s  o r  r eg u lat i on s . 
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E .  De l ays Re s u l t i ng From Current Le a s i n g  P o l i c ie s  a nd 
Programs 

Land man ageme n t  pol i c i e s  c ur r e n t l y  i n  e f fe c t  are a f und ame n ta l  
f a c to r  i n  l e a s i ng ac t iv i t i e s . Th e un c e r t a i n ty , d e l ay ,  a nd c um u l a­
t ive re s tr i c t ion s make l e a s i ng on f e d e r a l  a c r e a g e  mor e  cos t l y  than 
l ea s i ng on s ta t e  o r  f e e  l a nd s . Th e s e  add i t i onal  cos t s  a r e  e spe­
c i a l l y  b urden some to smal l e r  opera tor s ,  who a r e  l e s s  able to pay 
them . 

Le as e s  i n  env i ronme ntal ly s e n s i t iv e  a r e a s  o f te n  i n c l ud e  
" no-s ur f a c e  o c c upanc y '' s t ip u l a t ion s , mak i ng s ur f ace acce s s  to t he 
l e a se ho l d  impo s s ib l e . Th e governme n t  o n  the one hand requ i r e s  
payme n t  o n  l e a s e  r e n ta l s , wh i l e  o n  the o t h e r  i t  proh i b i t s  acce s s 
and contractual l ea s e  r ig h t s . Ind epe nd e n t  ope rators  d r i l l  the 
ma j or i ty o f  w i l d c a t  we l l s  and canno t  a f ford t h e  e conom i c  b urd e n  of 
hold i ng l e a s e s that have no s ur f ace acce s s  r ig h t s . 

In f i sc al year 1 9 7 9 ,  BLM i s s ue d  1 1 , 7 5 8  onshore o i l  and g a s  
l e a se s . About h a l f o f  those l e a se s , 5 , 9 6 1 ,  were i s s u ed i n  
Colorad o ,  Mi s s i s s i pp i , New Me x i co ,  Ne vad a ,  a nd Wyo m i ng . O f  the s e  
l e a se s , 1 , 8 6 2  we r e  ove r-th e-co un te r ,  3 , 8 9 6  were s im u l taneou s , a n d  
2 0 3 we r e  compe t i t i v e . Abou t two- t h i rd s ,  o r  3 , 9 9 2 l ea s e s ,  we r e  
i s s ue d  wi th i n  4 mon th s o f  f i l i ng . The ove r-th e -co u n t e r  l e a s e  
appl i c a t ions i nvolve e s s e n t i a l ly n ew a r e a s  o f  " wi l d ca t "  i n t e re s t . 
Of the s e  l e a se s , o n l y  1 6  pe rcent were i s s ue d  w i t h i n  f o u r  mon th s , 
c ompared to abou t 9 0  p e r c e n t  of  the s imul taneo u s  a nd compe t i t iv e  
l e a se s be i ng i s s ued i n  t h e  fou r-month t ime f r ame . The ma i n  rea so n  
f o r  th i s  d i f fe rence i s  that ove r-the-coun ter l e a s e  appl i c a t i o n s  
have t o  go t h ro ugh proc e d ure s to d e te rm ine that  t h e  l and can 
a c t ua l ly b e  l e ased , wh i l e  l and l e ased und e r  s im u l taneou s  or  
compe t i t ive b i d s  h a s  a l ready und e rg one s uch ana l ys i s . 3 8  

Th e GAO s t ud y  r e v i e wed the type s o f  d e l ay e n c o u n t e r ed i n  o i l  
and g a s  l e a s i ng i n  the f iv e  s t a t e s  men t i o ned above . Th e d e l ay s  are 
d iv id ed i n to t wo ca tegor i e s : 

• De l ay s  a t tr i butable  to f ed e r a l  l e a s i ng agenc i e s  

B LM l e a s e  proce s s i ng 

Env iro nme n t a l  analyse s 

De fe r r a l  o f  l ea s i ng i n  
wi l d e rne s s  s t ud y  areas 

Ti tl e wo rk 

Ot her 

4 5 3  c a s e s  

1 5 3  c a se s  

9 5  c a s e s  

4 9  c ase s 

3 4  c a s e s  
7 8 4  c a s e s 

• De lays a t tr ib u t ab le to non- fede ral ag e ncy a c t iv i t i e s  

Appe al s and l i t ig a t io n  5 4  c a s e s  
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Appl i ca nt i nact i o n  

O t h e r  ( no n- fede ral ) 

1 6  c a s e s  

1 4  c a s e s  
8 4  c as e s  

O f  the 7 8 4  fede r al age ncy c a s e s , BLM was i nvol ved i n  6 0 2  c a se s ,  the 
Fo res t S e rv i c e  in 1 3 4 , and t h e  Depa rtme n t  o f  De fe ns e in 4 2 . 

U s i ng B LM 1 s four-mo n th ave rag e fo r proc es s i ng l e a s e s ,  GAO c o n­
c l uded th a t  ma j o r  d e l ays h a ve o c c urred i n  the f i ve s ta t e s  s t ud i ed . 
E x trapo l a t i ng t h e i r  f i nd i ng s  to total le a s e s  pe nd i ng i n  the f iv e  
rev i ew s t a te s , GAO e s t i mates  that  3 , 4 8 4  appl i ca t ions o u t  o f  3 , 9 9 5  
wou l d  b e  de l ayed d ue to fede ral act ions ( 8 7 pe r c e n t  o f  the l e a se 
app l i ca t io n s ) .  

Th e NPC i s  concerned that  lea s i ng d e l ays : 

• P r e ve n t  or h i nde r the as semb l i ng o f  lands i n to v i ab l e un i ts 
fo r e x p l o ra t i o n  and deve l opme n t  

• I nc re a s e  the c os ts o f  ho l d i ng l e a sed l a nd s  wh i l e  a un i t  i s  
b e i ng a s semb l ed 

• Res u l t  in a var i e ty of  te rmi na t io n  d a t e s  for l e a s e s  in a 
un i t  that w i l l red u c e  the t ime a c t ua l ly ava i l ab le fo r d r i l l­
i ng . 

I n  an e f fo rt to s tre am l i ne the le a s i ng a nd b id d i ng proc e s s e s , the re 
mu s t  b e  un i f i c a t ion a nd cons o l i d a t ion of the fed e ra l  reg u l a to ry 
procedures a s  t h e y  r e late to onshore l ea s i ng . I t  i s  most i mpo r tant 
that the e n t i r e  proce s s  be s impl i f i ed . 

I I I . Onshore P e rm i t t i ng 

A .  The N a t ional E n v i ronme n tal  Po l i cy A c t  USGS P e rm i t  Rev i e w  

NEPA r eq u i r e s  a l l f ed e r a l  ag e n c i e s  t o  i ncorpo r a te appropr i a te 
and c are f ul con s idera t ion o f  the env i ro nme n t a l  e f fe c t s  o f  propo se d 
act ions i n to the ag ency d ec i s ion-mak i ng proce s s  a nd to avo id o r  
m i n im i ze t h e  ad ve r s e  e f fe c t s  o f  proposed a c t ions t o  t h e  f ul l e s t  
e x tent pr a c t i c ab l e .  Th e E IS requi reme n t  und e r  Se c t io n  1 0 2  s e rv e s  
a s  the mo s t  s ig n i f i c an t me chan i sm for impl eme n t i n g  N E PA .  S i nc e  
USGS approva l  o f  l e a se ho l d  ac t iv i t i e s , s uc h  a s  s e i sm i c  s t ud ie s ,  
e xplora tory d r i l l i ng , and prod u c t ion o f  o i l  and g a s , c on s t i t u te s a 
federal  a c t ion , USGS i s  requ i red to a s s e s s  po te n t i a l  e nv i ronme n t a l  
e f fe c t s  pr ior t o  g r an t i ng approva l . 

The No t i ce to Le s s e e s  and Ope rato r  No . 6 Approva l  o f  Oper a t ions 
( NTL- 6 ) is a pe rm i t  prog ram d e s ig ned by USGS to comp l y  wi th N E PA 
req u i rement s . I t s  o b j e c t ive i s  to a s s ure that ope r a t i o n s  o n  o i l  
and g a s  l e ase s und e r  US GS j u r i sd i c t ion are cond u c te d  w i th d ue 
regard for e n v i ro nme n ta l  pro te c t ion a s  we l l  a s  to e v a l ua te th e 
env iro nm e n t a l  impac t s  o f  propo sed ope r a t ions  v ia the requ i red E IS 
proce s s . 
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NTL- 6 wa s i s s ued o n  June 1 ,  1 9 7 6 .  S i nc e  that  t ime , the pe r­
m i t t i ng proce s s  h a s  s te ad i l y  become more c ompl e x , a nd t ime r equ i re­
ments  for approva l s  h ave l e ngthened cons i d e r ab l y . Th i s  s e c t io n  
exam i n e s  the NTL-6 p rog ram req u i r eme n t s  a nd rev iews  the proced u r e s  
fo r USGS ' s  r e c e n t l y  impl emen ted Categor i c a l  Exc l u s io n  Rev i e w  ( C E R )  
proce s s . 

The bas i c  requ i r em e n t  o f  the NTL- 6 prog ram i s  the i n c l u s i o n  o f  
a n  appropr i a te s ur fac e-use  plan w i t h  appl i c a t i o n s  f o r  l ea se ho l d  
ope r a t ions o r  cons truc t i o n  ac t iv i t i e s . Th e s u r f a c e - u se p l an shou l d  
b e  prepared wi th s u f f i c i e n t  techn i c a l  d e ta i l  r e g a rd i ng t h e  magn i ­
t ud e  o f  sur f ac e  d i s t ur bance and propo s ed rehab i l i ta t i o n  proc ed u r e s . 
The maj or i nvol veme n t  o f  th i s  s ur f ace-use  pl an i s  i n  ac compan ime n t  
w i th APD f o r  the d r i l l ing of  i nd iv i d u a l  explorato ry o r  d eve l opme n t  
we l l s . 

Although USGS i s  the d e s igna ted l e ad ag ency f o r  o i l  a nd gas  
d ev e l opme n t s  o n  federal  l and s , o th e r  f e d e r a l  s ur fa c e  manag eme n t  
age nc i e s , i nc l ud i n g  B LM ,  the Fore s t  Serv i c e , a nd the B IA ,  are 
i nvolved w i th the NTL- 6 perm i t  proce s s  b e c a u s e  of  v a r i o u s  c oope ra­
t i ve ag r eemen t s  o r  Inter ior Secre tary Ord e r s . Typ ic a l ly , USGS 
d e fe r s  approval of  APD u n t i l  con s e n t  is g iv en by the appropr i a te 
s ur f ac e  man ageme n t  age ncy . Th i s  con s e n t  i s  u s u a l l y  i n  the f o rm o f  
s ur face s t ipul a t i o n s  a ttached a s  cond i t i o n s  o f  approva l  to an APD . 
The s ur face man ag eme n t  ag ency i s  r e s pon s i b l e  for e s t a b l i sh i ng r e ­
hab i l i ta t ion r eq u i r eme n t s . 

NTL- 6 i n s tr u c t s  ope rato r s  to f i l e  appl i c a t i o n s  and s ur face-u se 
plans a t  l e a s t  3 0  d ay s  i n  advance o f  con templ a ted s tar t i ng d a te s  
f o r  construc t i o n  and i nd i c ate s  tha t appl i c a t i o n s  w i l l  be proc e s sed 
as  qu i ck l y  a s  po s s i b l e . Howe v e r , n o  g ua r an tee i s  g iven that  ap­
proval w i l l  be gran ted a f te r 3 0  d ay s . 

1 .  APD Req u i r eme n t s  

a .  P re l i m i nary E n v i ronme n t a l  Rev i ew 

The f i r s t  s tep i n  the proc e s s  is  the f i l i ng of  a Pre l i m i n a ry 
Env i ronme n ta l  Rev i ew ( PE R )  reque s t  by the ope r a to r ,  wh i c h  cons i s t s 
o f  a map o f  the proposed loc a t ion s , showing g e n e r a l  topog raph i c  
f e a ture s  and othe r i n fo rma t io n  s u c h  a s  a c c e s s  road s a nd wa te r 
so urce s .  The s ur face man ag eme n t  ag ency u s e s  t h e  PER map to r e v i e w  
ava i l ab l e  i n f o rm a t i o n  t o  d e te rm i n e  i f  con f l i c t s  w i th o th e r  r e source 
val ue s may e x i s t . I f  con f l i c t s  e x i s t , a mee t i ng i s  s c h e d u l e d  to 
reso l ve problem areas . Un l e s s  the ope rator i s  no t i f i e d  by USGS o r  
the s urface  man ag eme n t  agency that re source con f l i c t s  e x i s t , a 
1 5-d ay l im i t  i s  g iv e n  for th i s  proc e s s  s te p , a f t e r  wh i c h  the 
opera to r  may proc e e d  wi th s urvey s ta k i ng and o th e r  f i e l d  wo rk . 

b .  APD and S u r face-Use P l an 

After appro val o f  the  PE R ,  an ope ra to r  g e n e ra l l y  cond u c t s  s u r­
vey s ta k i ng and cu l t ur a l  re source i nven tory wo rk . An APD p ackag e 
i s  then prepared i n  accordance with  NTL- 6 i n s t r u c t i on s .  For the 
APD por t ion of  the packag e ,  d e ta i l ed i n fo rma t io n  is  requ i red re­
gard i ng s urveyed l o c a t ion and e l e va t ion ; e ng i n e e r i ng d a t a  ( c a s i n g  
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and ceme n t i ng prog r am s , mud prog rams ) ;  g e o l og i c a l  f a c to r s  ( s ur fa c e  
and major  g e o l o g i c  f o rma t ions , zones o f  wa te r , h yd ro c a rbon s o r  
o th e r  m i n e ra l s ,  l og g i ng prog rams ) ;  a nd o the r ope r a t i ng s tand ard s 
( BO P  e q u i pme n t , a u x i l i a ry and s a f e ty equ i pmen t ,  a n t i c ipated s tar t 
and compl e t ion d a te s ) . 

The r eq u i r eme n t s  fo r the sur face-u se pl an a r e  a l so spe c i f ied by 
NTL- 6 .  The plan mus t prov ide for ad equate pro te c t ion o f  s ur f ace 
r e so u r c e s  and o the r e nv i ro nmental  componen t s , a nd i n c l ud e  me a s ur e s  
for rehab i l i ta t io n  o f  d i s t urbed l a nd s . 

c .  Jo i n t  Ons i te I nspe c t ion 

After s ubmi t ta l  of the APD packag e , i n c l ud i ng the s ur f ac e -use 
p l an , an on s i te i n s pe c t i o n  is  normal ly h e l d . At tend e e s  i n c l ud e  
repre s e n ta t ive s f rom USGS , the s ur face man ageme n t  ag e n cy , the ope r­
a to r , and the ope rator ' s  e ar th-mov ing contracto r . Th e purpo s e  o f  
the i nspec t ion i s  to s e l e c t  the mos t  f e a s i b l e  a nd e n v i ro nmen tal l y  
a cceptab l e  we l l  s i te s ,  a c c e s s  road s ,  a nd other s u r f a c e - u s e  con­
s id e r a t i on s . 

d .  E n v i ronme n t a l  Analys i s  

After  comple t io n  o f  the ons i te i n s pe c t io n , USGS prepare s an 
e nv i ronmen ta l  anal y s i s  o r  a s s e s sment ( EA ) , wh i c h  e v a l u a t e s  po ten­
t i al envi ronme n t a l  e f fe c t s  and iden t i f ie s  mi t ig a t i ng mea s ure s . Th e 
EA i s  al so used to d e te rm i ne whe ther approval o f  the propo sed ac t i ­
v i t ie s  con s t i t u te s a maj or f e d e r a l  a c t ion s ig n i f i c a n t l y  a f fe c t in g  
t he e nv i ronme n t . Sur face prote c t ion and rehab i l i t a t i o n  s t ipul a­
t ions f urn i shed by the s ur face man ag eme n t  ag ency are i nc l ud e d  i n  
the EA . 

e .  P e rm i t  Approv a l  

Approval of  the appl i c a t io n  i s  g ra n te d , c o n t i ng e n t  o n  the t e rm s  
and cond i t ions  a t tached t o  the APD , a f te r  comp l e t io n  o f  t h i s  pro­
c e s s , prov i d ed tha t  the EA i s  approved and it i s  d e te r m i n ed that no 
forma l E I S  is r eq u i re d , conse n t  of the s ur face man ag eme n t  ag e n cy i s  
g iven , a nd other f a c to r s  a r e  i n  ord e r  ( bond i ng , d e s ig na t i o n  o f  
ope ra tor , s ta te s pac i ng r e g u l a t i on s , and pr ivate s ur f ac e  own e r  
agreemen t ) . Howe ve r ,  seve ral othe r fac to r s  m a y  cons t r a i n  approv a l , 
even though t h ey are no t spec i f ical l y  a s soc i a te d  w i t h  t h e  A P D  pro­
c e s s , i n c l ud i ng a c c e s s  road r ig h t s-o f-way , wa te r pe rm i ts , o r  o th e r  
s t a te or county pe rmi t s . 

2 .  C a tegor i c a l  E x c l u s ion Rev i e w  

The C E R  proc e d ur e s  wer e  d eveloped b y  USGS t o  a l l ev i a te t h e  e x­
tens ive manpowe r and pape rwo rk requ i r eme n t s  a s so c i a te d  w i th prepa­
rat ion o f  an E A  for every propos e d  wel l . The proced ur e s  prov id e 
tha t a we l l  can be e x c l ud ed f rom the EA r e q u i reme n t , prov id ed tha t 
n i ne cr i te r i a  r eg ard i ng e n v i ro nme n ta l , archaeolog i c a l , s a f e ty , and 
soc iolog i c al fac tors are s a t i s f i ed . The C ER e x c l u s io n  appl i e s  to 
the f i r s t  we l l  d r i l l e d  o n  a l e a s e  or i n  a d e v e l opmen t  area . Th e 
s ec ond ( " co n f i rm a t i o n " ) we l l ,  howeve r ,  requ i r e s  an EA . � i s  EA 
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wo uld add re s s  the e n v i ro nmental e f fe c t s  and m i t i g a t i ng mea s ure s 
a s soc iated w i th the second we l l , based o n  i n fo rm a t i o n  i n  the APD 
package and s ur fa c e - u s e  plan . The EA wo uld a l so add re s s  e xpec te d  
c umul a t iv e  impa c t s  a s so c i a te d  w i th f u l l f ie ld d e v e l opme n t . Th us , 
the EA become s a k i nd o f  " umbre l l a "  EA , a f te r  wh i c h  o th e r  propo s e d  
f i e l d  d e v e l opme n t  we l l s  c a n  be e x c l ud ed f rom the EA r e q u i reme n t , 
aga in prov ided the n ine c r i te r i a  are me t .  Comp l e t e  APD package s ,  
w i th the s ur face-u s e  p l a n s , are s t i l l  requ i r ed . 

3 .  De lays Re s u l t i ng f rom NTL- 6 Re v i e w  

Be cause o f  t h e  number o f  d i sc re te s teps a n d  t h e  var i o u s  ag en­
c ie s  and i nd i v i d u a l s  a s soc i a te d  w i t h  the NTL- 6 p e rm i t proce s s , 
mul t iple  d e l ay f a c to r s  freque n t l y  are expe r ie nc e d  by ope r a to r s  
s e e k i ng approval o f  appl i ca t ion s . S i nce s e v e r a l  anc i l l ar y  l aws and 
reg u l a t ions , o th e r  than NEPA , are i n t e rr e l a te d  w i th NTL- 6 ,  the per­
mi t proce s s  h a s  become i ncrea s i ng ly c ompl e x . Ser i ou s , d i s r upt i v e  
d e l ays a r e  expe r ie nced b y  i nd u s try . Dr i l l i ng prog r am s  cannot be 
sched uled  wi th any a s s urance that permi t s  c an b e  obta i ne d  wi thou t 
d e l ays . Le ng th o f  t ime req u i red to o b ta i n  no rm a l  APD a pproval h a s  
i n c r e a s e d  f r om an e s t ima te d 1 5  d ay s  i n  1 9 7 6 ,  p r i o r  to NTL- 6 ,  to a 
general r ang e o f  8 0  to 1 0 0  d ay s  i n  1 9 8 0 . Lo ng e r  t im e  pe r iod s for 
pe rm i t  approva l ( 2 0 0  d ay s  o r  mor e ) are no t uncommo n . In  s p i te o f  
the new CER proced u r e s ,  the l eng thy pe rm i t  approv a l  pe r iod i s  
e xpec ted t o  increase  i n  t h e  f ut ure b e c a u s e  o f  t h e  c ompl e x i ty o f  the 
perm i t  proce s s  and number of po te n t i a l  d e l ay f a c to r s . 

Av erag e  pe rm i t  cos t s  have r i sen f rom approx ima t e l y  $ 7 5 0  i n  
1 9 7 6 ,  pr ior to NTL- 6 ,  to a range o f  $ 1 , 5 0 0  t o  $ 3 , 0 0 0  i n  1 9 8 0 .  Un­
iden t i f ied or in tang i b l e  c o s t s , howev e r , are a s so c ia ted w i th s tand ­
b y  charges f o r  a n  i n a c t ive d r i l l  r ig or the r e l e a s e  o f  a r i g  
because no pe rm i t s  a r e  approved . Wi th the c u r r e n t  g re a t  d emand for 
d r i l l i ng r i g s  i n  the Ro cky Mo unta i n  reg ion s , the s e  l a t t e r  oc c u r­
ren c e s  are increas i ng i n  freque ncy and ad d a s ig n i f i c an t  d imen s i o n  
t o  t h e  prob l ems o f  pe rmi t d e l ays a s soc iated  w i t h  NTL- 6 .  

B .  Federal  Land Pol i cy and Manageme n t  Ac t Re v i ew 

FLPMA e s tabl i shed a pl ann i ng sys tem for governme n t  l and s and 
r e sourc e s , i n c lud ing o i l  and g a s , t h a t  f ur th e r  d e f i ned B LM ' s ( and 
to a l e s se r  e x te n t ,  the Fore s t  Ser v i c e ' s )  re s pon s i b i l i t i e s  for s u r­
face manag emen t . Th e re s ul t o f  t h i s  l eg i s l at io n  and s ub se q u e n t  
reg ul a t io n  o n  o i l  and g a s  d evelopme n t  h a s  b e e n  pro f o un d . Wh i l e  a 
maj o r i ty o f  the FLPMA requi r eme n t s  are wa r r a n te d  and hav e re s u l ted 
in  tang i b l e  bene f i t s  to the e n v i ro nmen t ,  the man n e r  o f  i mpl e me n t a­
t ion has caused d e l ays i n  the pe rm i tt ing o f  o i l  and g a s  a c t i v i t i e s  
o n  federal  l a nd s . 

The r e v iew and d e s ignation o f  r igh t-o f -way c o r r idors  p u r s uant 
to Se c t io n  5 0 3  of F LPMA is a pl ann i ng prov i s io n  of FLPM A  tha t may 
impac t o i l  and g a s  ope ra tor s .  I t  appl i e s  both to the S e c re tary o f  
the In te r io r  and to the Se cre tary o f  Ag r i c u l t ur e . The l o c a t i o n  o f  
r ig h t s -o f -way for o i l  o r  gas  pipe l i ne s , o f f - l e a s e  c o l l e c t ion f ac i l ­
i t i e s , a c c e s s  road s ,  e l ec t r i c  transm i s s io n  l i ne s , wa te r p i pe l i ne s , 
and o th e r  p urpose s may be a f f e c ted und e r  th i s  s e c t io n . To d a te , 
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no r ig h t- o f -way corr id o r s  have been f o rma l l y  d e s ig ne d  und e r  th i s  
author i ty .  Reg u l a t ions  promulga ted o n  July 1 ,  1 9 8 0 ,  howeve r ,  
d e f i ne the c r i te r ia f o r  d e s i g na t io n  o f  s u c h  r ig h t-o f -way c o r r id ors , 
and B LM a nd t h e  For e s t  Se r v i c e  are ac cord i ng corr idor d e s i g n a t ion 
a h ig h  pr io r i ty . 

De s ig na t i o n  o f  a corridor may b e  i n i t i a te d  by B LM o r  the Fo re s t  
Se r v ic e , o r  b y  r e c e ipt o f  a n  appl i c a t ion f o r  d e s igna t io n . Corr i ­
d ors s ha l l be d e s i g n a te d , t o  the e x tent  prac t i c a l , cons i s te n t  wi th 
land-use plan s . Onc e  a corr idor i s  d e s ignated p ur s u a n t  to S e c t ion 
5 0 3 ,  B LM i s  d i re c te d  to con f ine new r ig h t-o f-way g ra n t s  to tha t  
corr idor to the e x te n t  prac t i ca l . In some i n s tanc e s  i t  may b e  
pos s ib l e  fo r o i l and g a s  ope rato r s  to show tha t i t  i s  n o t  prac t i c a l  
to l oc a te n e w  r ig h t s -o f -way thro ug h  d e s igna ted corr idor s . 

FL PMA h a s  h ad a maj o r  e f fe c t  on the transpo r ta t ion s eg me n t  o f  
o il and g a s  d ev e l opme n t  wi th reg ard to r ig h t- o f-way requ i remen t s 
fo r g a s  g a th e r i ng and d i s tr i bu t ion l ine s . Along w i t h  typ i c a l  r e ­
q u i r em e n t s  fo r archaeo l og i c al c l e arance and o th e r  env i ro nme n ta l  
checks , oper a to r s  a r e  requ ired to s ubmi t d e ta i l ed corpo r a te i n­
forma t io n  f i l e s ,  s ur vey pl a t s , a nd o the r i n f o rma t io n . Pro ce s s i ng 
by B LM c ommo n l y  r e s ul t s  i n  s i x mon t h s  o r  mor e  d e l ay i n  hook i n g  u p  
compl e ted we l l s  to col l ec t io n  sys tems . In e x t r em e  c a se s , s uc h  
d e l ays are fo r 5 0 0 f e e t o r  l e s s  o f  pipe l ine . Some s ta t e  o f f ic e s , 
notab l y  Ut ah , a r e  c u r r e n t l y  expe r im e n t i ng w i th proced u r e s  to 
e l im in a te the r ig h t-of-way proc e s s i ng d e l ays by i n c l u s i o n  of the 
grant i n  the APD approva l . 

C .  E ndangered Spe c i e s  Ac t Rev iew 

The End angered Spe c i e s  Ac t of  1 9 7 3 ,  a s  amende d , d e c l are s a 
f ed e ral po l i cy to seek the conserv a t io n  o f  e nd ang e red spe c ie s  and 
threa tened spec ie s .  Con s e r va t ion , as d e f ined b y  t h e  Ac t ,  me an s 
" the u s e  o f  a l l me thod s and proced u r e s  that  a r e  n e c e s sary to b r i ng 
any e ndangered spec i e s o r  thre a te ned spec ie s to the po i n t  a t  wh i c h  
the me a s ur e s  prov id ed pursuant to th i s  Ac t a r e  no long e r  n e c e s ­
s ary " ; t h a t  i s , r e covery o f  t h e  pop u l a t io n  o f  t h e  threa tened o r  
e nd ang e red spe c ie s  to s uc h  a deg ree a s  to wa r r a n t  r emov a l  f r om the 
threa tened or endangered ca tegory . 

Although the Depar tme n t s  o f  Comme rce and Ag r i c u l t ur e , t h ro ug h  
d e s ig na t ions o f  t h e  r e spe c t ive Se cre tar ie s ,  a r e  i n v o l v e d  w i th 
impl eme n t a t ions o f  t h e  e nd a ngered s pec i e s  progr am , DO I i s  ma i n l y  
r e spo n s i b l e  fo r carry i ng o u t  t h e  prog ram throug h FWS . Und e r  the 
spon sor s h i p  of FWS , s pec i e s  are l i s te d , c r i t ic a l  hab i ta t s  d e te r­
m ined , c o n s e rva t io n  prog ram s  e s tab l i shed , a nd f e d e r a l  ag ency 
a c t ion s r e v i e wed . 

Th ree d e f in i t ions  impo r tant i n  d i s c u s s i ng the i mp l e me n t a t i o n  o f  
the Ac t a r e  g iv e n  b e l ow . 

• Endangered Spe c i e s : any spe c ie s  i n  d ang e r  o f  e x t i nc t i o n  
throughou t a l l  or a s ig n i f i c an t  por t i o n  o f  i t s  r a ng e . 
In se c t  spe c i e s  tha t cons t i tute a pe s t  wi th ove r r id i ng or 
ove rwh e l m i ng r i s ks to man are e x c l ud e d . Al l o th e r  f i sh and 
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wi l d l i fe , however , i n c l ud ing vertebrate and inve r te b r a te 
s pec i e s  a s  we l l  a s  any plant spec i e s , c a n  b e  g i ven t h e  
pro te c t ion o f  t h e  l aw i f  d e s ig nated a s  e nd ang e red o r  
threa tened . 

• Threatene d  Spec i e s : a ny s pe c i e s  l i ke ly to become an e n­
d ang e red spe c i e s  w i t h i n  the fo r e s e e a b l e  f u t ur e  throug ho u t  
a l l  or a s ig n i f icant  por t ion o f  i t s r a ng e . 

• C r i t i ca l  H ab i ta t : s pec i f i c area w i t h i n  t h e  g eograph i c  area 
occup ied by the spe c i e s  o n  wh i c h  are found those phys i c al or 
b iolog i c a l  f e a t ure s e s se n t i a l to the conse rva t io n  of  the 
spe c i e s  and tha t  may requ i re s pe c i a l  manag eme n t  cons i d e ra­
t ions or pro te c t ion . Cr i t i cal  h ab i ta t  doe s not i n c l ud e  th e 
e n t i re g eog raph i c  area tha t can b e  o c c up i e d  by the 
threa tened or e ndangered s pec ie s .  

Al l federal  ag enc i e s are charged w i t h  the r e s pon s i b i l i ty o f  
f ur the r ing the purpo s e s  o f  the Ac t throug h Se c t io n  7 .  Th i s  s e c t ion 
requ ire s e ach ag e ncy , through cons u l ta t ion s with FWS , to  e n s ure 
tha t any a c t i o n  autho r i ze d , f un d ed , or carr ied out by the ag ency 
will  no t j eopard i ze the con t i nued e x i s tence  of  any e nd ang ered o r  
threate ned spe c i e s  or re s ul t  i n  the d e s tr u c t io n  o r  ad v e r s e  
mod i f i c a t ion o f  c r i t i c a l  hab i ta t . 

Be cause of  the s t re ng th o f  the l aw and the n umber and preva­
l e nce o f  o f f i c i a l l y  l i s ted s pe c i e s ,  con f l i c t s  c an ar i s e b e t we e n  th e 
endang e red or threate ned s pe c ie s  and other re sour c e s  l o c a ted i n  the 
v i c i n i ty o f  the hab i ta t  or known oc c urrence of the e nd a ng e red or 
threate ned s pe c ie s . S i nc e  the prote c t ive covenan t s  conta ined i n  
the l a w  c le ar l y  prov ide for e nd a ngered or threa tened spec i e s  pro­
tect ion i n  the event a propo sed act ion wo u l d  p l ac e  the s ub j e c t  
spec i e s  i n  j e opardy , re s u l t s  o f  any cons u l ta t i on typ i c a l l y  f avo r 
the s ub j e c t  spe c ie s  o r  hab i ta t . A propo sed a c t i o n  may be a l l owed 
to proce ed a f te r  con s u l ta t ion , but general l y  und e r  re s tr i c t ive 
cond i t ions o f  approval , mod i f ied plan s , a nd a r e l a t i v e l y  l eng thy 
t ime per iod . 

Un fort una t e ly , the nat ure o f  the o i l  and g a s  i n d u s t ry , wh i c h  
general ly requ i re s  r e l a t i v e l y  q u i ck turnaro u nd t im e s f o r  pe rm i t s i n  
ord e r  to a s s ur e  log i c a l  s c h e d u l i ng o f  d r i l l i ng a c t i v i t ie s , doe s no t 
e a s i l y  match the t im e  f r am e s  u t i l i ze d  i n  the Se c t i o n  7 c on s ul tat ion 
proce s s . Opera tor s may wi t hdraw appl i c a t i o n s  rather than s tr ugg l e  
w i th the reg u l a to ry r eq u i reme n t s  o f  the Ac t .  S i nc e  no pr a c t i c al 
exempt ion e x i s t s  wi th i n  the fr amewo rk o f  t h e  l aw ,  no e f fe c t iv e  
mean s  to a c c e l e r a te o r  bypa s s  the proce s s  e x i s t s . 

LAND -- OF FS HORE 

I .  Ove rv i e w  -- Acc e s s  and Deve lopme n t  

T h e  ex tens ive s e a rch fo r of f shore o i l  and ga s b eg a n  i n  the l a t e  
1 94 0 ' s  a nd ear l y  1 9 5 0 ' s  on s ta t e-owned lands . I n  1 9 5 4 , the f i rs t  
l e ase sale was h e l d  i n  fede ral of f sho r e  wa t e rs ; 5 4  o t h e r  fede ral 
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o f f s hore l e a s e  s a le s  h ad b e e n  held  b y  e a r l y  1 9 8 1 . Y e t  o n l y  a smal l 
part o f  fed e ral  o f f s ho r e  l a nd s  has b e e n  le a s ed t o  d a te . The  areas  
tha t  have been  l e a s ed , e xpl ored , and placed  i n to prod u c t i o n  prov i d e  
a n  e s s e nt i al p a r t  o f  o u r  d ome s t ic e ne rg y . F rom 1 9 5 4  through 1 9 8 0 , 
mor e  than 5 b i l l i on b a rre l s  o f  c rude o i l and cond e n s a t e  a nd near l y  
5 0  T C F  o f  natural  g a s  have b e e n  prod uced f r om o f f shore we l ls i n  the 
fede ral d oma i n . 3 9  

I n  1 9 8 0 , f e d e r a l  o f f s hore lands  accounted for more tha n 9 pe r­
c e n t  of U . S .  c rude o i l  and cond e ns a t e  produc t i on and 2 3  pe rcent  o f  
d omes t i c natural g a s  prod u c t ion . 4 0  Most o f  t h e  i nc ome g e n e rated 
from the s a l e  o f  th i s  o i l  and gas  has gone to  the fede ral gove rn­
me n t . Ove r t h e  ye a r s , the e ne rg y  i nd u s t r i e s  h ave pa id a l mo s t $ 4 1  
b i l l i on to the fed e ral gove rnme n t  i n  l e a s e  b o nu s  mo ney , r e n ta l  
fee s , and roya l ty payme n t s . Eve n  b e fore t a xe s , that amo u n t  re pre­
s e n t s  6 5  pe r ce n t  of the v a l u e  of al l o f  the o i l  and ga s prod uced 
from those lea s e s  through 1 9 8 0 . 4 1  

Gove rnme n t  po l i c i e s  o n  acc e s s  t o  a nd r eg u l a t i on o f  o f f s hore 
a r e as h ave i nc r e ased t h e  i nv e s tme nt r i sk a nd s ig n i f ic a n t l y  s l owed 
developme n t . Many l e a s e  s a l e s  h ave b e e n  s ch ed u l ed o n l y  to b e  
del ayed a nd , i n  some c a se s ,  c a nce l led b y  fed e ral ag e nc i e s . As  a 
res u l t  o f  t h e s e  a c t i o n s , some o f  the mos t prom i s i ng o f f s hore areas 
h ave neve r been ope ned to explora t ion . O t h e r  a re a s  have b e e n  
ope ned on a l im i ted b a s i s  on l y .  N i ne ty- f ive pe r c e n t  o f  t h e  o f f­
s ho r e  acreag e  rema i ns unexpl o red . S ome of the un l e a sed a re as r a nk 
h i gh a s  prospe c t i ve c a nd i d a t e s  for c omme r c i a l o i l a nd g a s  d i s c ov­
e r i e s . 4 2  

Th i s  s e ct ion exami nes the key l eg i sl a t ive and admi n i s tr a t ive 
i s s ue s  f ac i ng o f f s ho r e  o i l  a nd gas explorat i on a nd d e v e l opmen t .  
The appl i c ab l e  laws d i sc u s sed are the Oute r Cont i ne n t a l  S h e l f La nd s 
Act ( OC S LA ) Ame ndme n t s  o f  1 9 7 8 ; the Coa s t a l  Z one Manag emen t Ac t o f  
1 9 7 2  ( C Z MA ) ; a nd t h e  Ma r i ne Protect ion , Re s e a rch a nd S a n c t ua r i e s  
Act o f  1 9 7 2 . A l so , an e x te ns i ve d i s cu s s i o n  o f  the F i ve-Year OC S 
O i l  and G a s  Le a s i ng S c h e d u l e  i s  i nc l uded . 

I I .  O u t e r  Con t i ne n t a l  S h e l f Land s Act  Ame ndme n t s  o f  1 9 7 8  

The OCSLA was e na c t ed i n  1 9 5 3 . I t  a s s e rted f e d e ral j ur i sd i c­
t ion ove r the OC S to a wa ter d epth o f  2 0 0 me te rs and recogn i z e d  DO I 
a s  the ag e ncy to ad m i n i s te r  and reg ulate  o i l , g a s , s u l f ur , a nd 
oth e r  m i ne ra l  ope ra t i o ns o n  the OC S .  The A c t  a l s o  au thor i ze d  s uch 
rules and r eg u l a t ions a s  the S e cre tary of  the I n t e r io r  de te rm i ned 
to be n e c e s s ary in prov i d i ng for the preve n t i on of wa s t e , c o n s e rva­
t io n  of natural resources , a nd protect ion of c o r re l a t i ve r i g h t s . 

A number o f  e nv i ro nme n tal ly o r i e n ted l aws have been enac ted by 
Cong re s s  s i nce the OCS LA that h ave changed the p a t t e r n  o f  o f f s ho r e  
ope ra t ions  s ig n i f i cantly , i nc l ud i ng N E PA ,  C Z MA ,  the Ma r i ne Pro te c­
t io n , Re s e arch and Sanc tuar i e s  Ac t ,  and the amendmen t s  to th e C l e a n  
A i r  Ac t a n d  t h e  C l ean Wa ter Ac t .  Th e ma j or l eg i s l at i ve d e v e l opmen t  
concern i ng o f f shore ope rat ions  i n  t h e  l a s t  d e c ad e , h oweve r ,  wa s the 
pa s s ag e o f  the 1 9 7 8  amendme n t s  to the OC S LA . Th e s t a te d  purpo s e s  
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of the OCS LA Ame nd me n t s  o f  1 9 7 8  i nc l ud e : e s tabl i s h i ng pol i c ie s  
and proced ures  for manag i ng OCS o i l  and g a s  r e so u r c e s to e xped i te 
explora t ion and d eve lopmen t ;  pro v i d i ng g re a te r  s ta te a nd l oca l 
g overnme ntal  input i n to OCS d e c i s ion-mak ing ; m i n im i z i ng r i sk o f  
damage t o  h uma n , mar i ne , and coa s ta l  e n v i ro nme nt s ;  e s ta b l i s h i ng an 
o i l sp i l l  l i ab i l i ty f und to pay for promp t remova l o f  s p i l led or 
d i scharged o i l ; and e s t abl i s h i ng a f i sh e rma n ' s  con t i ngency f und t o  
pay f o r  dama g e s  t o  comme rc i a l  f i sh i ng ve s s e l s  or g e a r  d u e  t o  OC S 
ac t i v i t i e s . 

The pro v i s ions o f  th i s  Ac t h ave d e l ayed a nd re s t r i c te d  OC S 
ope r a t ions i n  the fo l l ow i ng ways : 

• Incre a s ed the number of  ag enc i e s  au thor i z e d  to reg u l ate 
certa i n  OC S ac t i v i t i e s  

• Req u i red th e Secre tary o f  t h e  Inte r io r  t o  con s i d e r  s ta te 
Co a s t a l  Zone Ma nag eme n t  ( C Z M )  p l ans i n  d eve lop ing f iv e -y e a r  
l e a s i ng sched u l e s  

• Prov ided f o r  g re a t e r  coa s t a l  s tate part i c i pa t i on i n  t he 
l e a s i ng d e c i s ion proc e s s  

• Mand a ted c e r ta i n  envi ronmental  imp a c t  s t ud i e s  

• Pr ov ided fo r c i t i z e n  s u i t s 

• Compe l l ed the u s e  o f  al tern a t i v e  b id d i ng systems 

• Requ i red the  promu lga t ion and  imp l eme n t a t ion o f  some 40  n ew 
o r  r e v i s e d  r e g u l a t ion s o f  o f f s hore e xp l o ra t io n  and prod u c­
t ion ope rat ions . 

Pe rm i tt i ng and l i c e n s i ng of  OC S act iv i t ie s became much more c omp l i­
cated and , there fore , more t ime -co n s um i ng and e x pe n s i v e . I n  1 9 8 1 ,  
GAO e s t imated that the t ime req u i red f o r  the proc e s s i ng o f  e xp l ora­
t i on plans  and d e ve lopmen t  plans rose to an average o f  1 1 9  d ay s  and 
2 0 6  d ays , r e spe c t ive ly , a s  compared to 3 0  d ays f o r  e ac h  be fore 
1 97 8 . 4 3 

I I I .  The F i ve -Year OCS O i l  and Gas Le a s i ng S ch e d u l e  

The F i ve-Ye a r  OC S O i l  and Ga s Lea s i ng Sche d u l e  may b e  th e mos t 
important proced u r a l  e l eme n t  i n  the OCS proce s s , a s  i t  repr e se n t s  
the na t io n ' s  c ommi tme n t  toward e xplor a t io n  a nd d eve lopme n t  o n  the 
OCS . De sp i te th i s  impo r tanc e , the f i ve-year s c h e d u l e  is bu t one of 
many e l eme n t s  i n  the to ta l OC S proces s .  A b a s i c  und e r s tand i ng o f  
the total pro c e s s  i s  thus a d e s i rabl e  and n e c e s s ary pr e l ud e  to a 
more d e ta i l ed d i s c u s s ion o f  the f iv e -ye a r  s c he d u l e .  The e a r l y  
por t ion o f  th i s  s e c t ion , there fore , h a s  b e e n  d evoted t o  a b r i e f  
h i s tory o f  the f iv e -ye ar sched u l e  f o l l owed b y  a d e s c r i p t i o n  o f  
g overnme n t ' s  r o l e  i n  the OC S a nd the adm i n i s t r a t i v e  s te p s  a nd 
proc e s s e s  a t tendant to e xplorat ion and d eve l opme n t  o f  the OCS . 
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A .  D i s c u s s i o n  o f  the F ive-Ye ar OCS O i l  and Gas Le a s i ng 
S ched u le 

l .  H i s tory 

Th e OC S LA o f  1 9 5 3  a ut ho r i ze d  the Se c r e tary of the  I n t e r i o r  to 
l e a s e  f e d e r a l  OC S l ands  for o i l  and gas d eve lopmen t .  Dur i ng the 
early ye ars  f rom 1 9 5 4  t hroug h 1 9 6 9 ,  OC S d eve l opme n t  wa s noncontro­
ver s i a l  and there wa s no formal l e a s i ng s c he d ul e . An e xpre s s io n  o f  
i n te r e s t  by i nd u s try f o r  new l ease s a l e s  and the u.s. B u r e a u  o f  
Budge t ' s  requ i r emen t s  he av i ly i n f l ue nced t h e  l e a s i n g  proce s s . 
Dur i ng the l a te 1 9 6 0 ' s ,  B LM und e r took s t ud i e s to d e te rm i n e  the 
appropr i a t e  t im i ng of l e a s e  s a le s . In the  1 9 7 0 ' s ,  e nv i ro nme n ta l  
empha s i s  wa s mad e pa r t  o f  the l ease s a l e  pl ann ing proc e s s . I n  Ju n e  
1 9 7 1 ,  DO I p ub l i shed i t s  f i r s t  l ease s c he d u l e , cove r i ng a f o u r-and­
a-hal f-ye ar t im e  f r am e . Ad d i t ional sched u l e s  we r e  p ub l i shed 
through 1 9 7 7 wi th a fou r-ye ar s ched u l e  in  Novembe r 1 9 7 4  repre s e n t­
i ng a chang e of f o c u s  in the l e a s ing prog r am w i th i t s emph a s i s  o n  
t h e  f ron t i e r  area s . Th e 1 9 7 7  l e a s e  sched u l e  wa s the  f i r s t  sched ul e 
to prov i d e  a t im e  pe r i od for s ta te g overnmen t c omme n t  o n  the pre ­
l e a s e  plann i n g  proce s s . 

The evo l u t ion o f  the  l e a s i ng program c ul m i n a te d  w i t h  t h e  OC S LA 
Amendme n t s  o f  1 9 7 8 ,  wh i c h  requ i red the d ev e l opmen t  o f  a f i v e-ye ar 
l ea s i ng sched u l e  and mand a ted that s ta te and l o c a l  governme n t s  be 
i n c l uded i n  the OC S d ec i s i on-mak i ng proc e s s . In June 1 9 7 9 ,  a 
proposed f iv e -ye a r  s c h e d u l e  wa s s ubmi t ted t o  Cong r e s s  and s ta t e  
gov e r nme n t s  for rev i e w  a n d  comme n t s . Fo l low i ng a y e a r  o f  rev i e w , a 
f i n a l  f iv e -ye ar sched ul e  was publ i shed i n  June 1 9 8 0  ( Tabl e 2 1 ) .  

A new , c ompr e h e n s i ve sched u l e  was propo sed by t h e  Secre tary o f  
t he In te r io r  i n  Apr i l  1 9 8 1  ( Ta b l e  2 2 ) . Th i s  propo sed sched u l e  m u s t  
und e rgo the s ame approval proce s s  a s  the p r i o r  sched u l e s .  Ther e ­
a f t e r , t h e  S e c r e t a ry i s  r equ i red to rev i ew t h e  s c he d u l e  annua l ly 
and m u s t  o b ta i n  Congre s s ional  and s ta t e  r e v i e w  o f  a l l  propo s e d  
chang e s . 

2 .  I mpo r tance o f  the Sched u l e  

Th e f iv e-ye a r  l ea s i ng sched u l e  repr e s e n t s  a comm i tm e n t  by 
g overnmen t  to ope n  d e s ignated areas in the OC S to e xp l o r a t ion for 
o i l  and g a s  re sourc e s . The s c h e d u l e  prov i d e s  the p l a n n i n g  too l  
needed b y  g over nmen t and i n d u s try t o  create an o rd er l y  proc e s s  and 
to a l loc a te techn i c a l  and f i nanc i a l  resource s .  

The sched u l e  i s  impo r t a n t  to gove rnmen t  a s  a p l ann i ng mecha­
n i sm f rom wh i ch prog r am s  may b e  d eveloped to per fo rm the n e c e s s ary 
adm i n i s tra t ive act ions l e ad i ng t o  each i nd iv i d ua l  s a l e . The i nd i ­
v id ual adm i n i s t ra t i ve s t ep s  accompanyi ng a s a l e  a re d i s c u s s ed i n  
the fol low i ng s e c t i ons . The f ive-ye a r  sch ed u l e  al so prov i d e s  a 
prior i ty s ched u l e  for the  BLM E nv i ronme n t a l  S t u d i e s  P rogram . By 
u t il i z i ng t h i s  sched u l e , f i e l d  da ta and s c i e n t i f ic s tud i e s  may b e  
acqu i red i n  a t ime l y  man n e r  to have data ava i l ab l e  for the prepa ra­
t ion of the e nv i ronme n tal s tateme nt fo r e ach s a l e . 
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TABLE 2 1  

F inal F i ve - Ye ar OC S O i l  and Gas Leas ing S chedule -- June 1 9 8 0  

PROPOSED SAlE AREA PROPOSED DATE 
198o 1981 1982 1983 . T 1984 rl· 198s tJTF M AIM J IJIA slo N o J FIMIAIMIJ IJ lA sToiN o J I FIMIAIMIJ I J .A s ON o J. F M AlMlJ JIAI s oiN oi/ 'F-M 7M.J--:iTA. s·o· N ' D :� · FjM'""AMJJ A s o N o  

A62 Gulf of �ex�� J 9/80 i F1 ! l p 5ciR[N S! _ -----· � - _ . .. . 
_ _ 

10/80 : F P l5c,R N S 55 Gulf of Alaska 
62 Gulf of Mexico 

53 Central N. Calif. 
W80 F P 5c R N S -+- --

- -
·-- -·-

5/81 E H F P 5c R N S - -
R���;::-"!t"

_
�e�� - ��i- j E 1H :F p /\�: � S - - --� - -

. 
�- - - -= -���;���;}: -L-�-- . . 

-- � � 
56 s�_ut_h Alia��':

. 
8 /81 1 E H _ F P Sc R N S _ _ . � _ _ . _ 

. � G.b � �) . 
60 Cook Inlet 9/81 E H F p 5c R N S " -�· � � · 

66 Gulf �I Mexico _ ��� � _ _  !"" �( �j � �--� 5c R N S -- _ : � : � . _ :  _ _ . \ �·f;; ;.k ' J : secretary at t h e  Interior 

----

59 Mid-Atlantic 12/81 E . H F P 5c R N S ""�� 
67 Gulf of Mexico 3/82 C D T E H F P �c R .  N S- - . - . . . . . - --

-
- - . . . - - - !----· . - --· � --

-· . . --RS-2 Reofleting Sale 6/82 P ·� N S 
--- ·- ----- -- - .  -----

.. - -- -� - - ... . - . . . . . 

-- -
t-- · - --� - ---

� ---+-- -- -68 Southern California 6 /82 D T E H F P \ R N S 
69 Gulf of Mexico 8 '82  C 0 T 

- • 

E H F - - . p 5c R . N S · ·- · - - - · - I 
57 Norton Basin 9/82 T·--- -- -- - . - .. . ---[' H F . p- sc R .N S 

52 North Atlantic 10182 D · T · · -- - -- -- · E H · F P ·sc· R . N · S · -
70 St. .George-Basin 12182 r · · - - · · · - · - - · · · E H · · -· -F · -p- sc

·R-
NS 

71 Beaufort Sea 2183 T E H F P \ R N -S-
72 ·G;If oi-Mexico 3 18 3 c D T -- -E- H--F P \ R N S - - - -- . . - • I . L . . - . - . . - - . - . . - . - --61 Kodiak 4 183 1 C ' D T E H F P 5c R N S - - - ----· . +-=-- - ' ------:;-T - - . . -- . - - . . . . �- -

- --

• ---£,--- •• 

73 California 5/83 C D T E H F P 5c R N S - ·- !---- - -------- · . . - - . .  - - . -- . .  - -- ·  . . . - r- ·-- · --- - ' . - - - - - · - - - -RS-:4 �:�;:r���; :��- - : -. --: � -- -. . . I c _ _  D_ !. _ : : : -- - f _H 
_ _  f - . .  p- _'!_N s�_II _ N_S_ � �  I : : - :  .. : � : . � 

75 No. A��uti�Shelf 10/8� __ _ C __ _ D� ___jJ - -- - - _ _ _  
E H F p 5c R N S _.. 1_ . _ _  

76 Mid-Atlantic 11/83 - I C D T E H F P 5c R N S I 

-- -- - -·- -

-

78 South Alia -;;tic 1 184 C D T E H F P 'c R N S - -
1 79_ Gulf of Mexico __ __ 31�!_ . · - · - - - -- - 1- --- · - - . - - - c_ �D _ T _ _ .. .. E H F p 5c R N S  I 

RS-4 Reoffering Sale 5/84 P '� N S 1 
. - - · -- -:---::- .. . . . . - - . . - . - -80 California 6/84 C D T E H F P 5c R N S - --- . - . -- . -- . ...::..r- . -- - - - - . . --- - - -- ....:.._ ' - - - --- - - -- - . - -- -81 Gulf of Mexico 7/84 C D  T E H F P 5c R N S  

1-- - -- - --- -- - . .  - - .  - · - - -- ---- - - -- .  ----------- -- .. .. . -- -- - .. . -82 North Atlantic 10 '84 C D T E H F p \ R N S !------ -- . . -- - - - . ------- . - -- --- - . -- - --- . --83 Navarin Basin 12 84 C D T E H F P sc R N S 
!4 Gulf oi M��ico�� - -· -- · _ (___ _ - -1 - :: - ·-- - - - - - - - - C_ D __ T_ _ _ __ _ E 1H 1 F P >c RJN S -

� - · -
>< 85 Chukchi Sea 2 185 , C 0 T E 1 H I F P �c R N S 

86 Hope Basin 5 /85 -
C D T E 1 H · F P 5c R N S 

RS-5-Reoffering Sale 6/85- · · · ; · · · ;  �- : · · 
_

_ · -- ·- -- - - - · · . � - 1-- · - · · -
·- , _ _  t; � 1 · · · -- ·- ;· P- '\! N s- - -

· - · -

C · Call for Nominations 
0 Nominations Due 
T . Tentative Tract Selection 

H · Public Hearing 
F · Final Environm ental Statement 
P .  Proposed Notice of Sale 

R · Energy Review 
N · Notice of Sale 
S · Sale 

-o(f The holding of the Chukchi Sale at this time is contingent upon a reasonable 

assumption that technology will be available tor exploration and development 

of  the tracts included in the sale
. E · Draft Environmental StatemP.nt s

c · State Comments Due 

SOURCE : U . S .  Department of the I nter ior . l r ri tll IH i t lllllll llo� !l l 



SALE AREA 

67 GIM of Mexico 
68 S. Cailomia 
57 Norton Basin 

RS·2 
52 North Atlantic 
71 Dlapir Field 
69 Gulf of Mexico 
70 St. George Basin 
'Y3 Calfornil 
76 Mid Atlantic 
iS N. Aleutian Basin 
72 Gulf of Mexico 

RS·3 
78 Sa. Atlantic 
7 4 GIM of Me lice 
83 Navarin Basin 
80 Calfomil 
82 N. Atlantic 
87 Dlaplr Field 
79 Gulf of Mexice 
88 No1111n Basin 

RS-4 
89 St George lllsia 
81 GIM of Mexico 
85 BarTOW Arch 
90 Atlantic 
91 Calfornll 

84 GIM of Mexico 
RS·5 

92 N. Aleutian Balla 
86 Hope Basin 
93 St. Mattllew·HII 
94 lluj! of Mexico 
95 Calfomil 
96 Atlantic 
97 llilplr field 

98 GuW of Mexico 
RS·6 

99 Norton Basin 
1 DO S. Alaskl * 
1 01 St. &eorve Balin 
1 o2 Gulf of Mexico 

Proposed 

TABLE 2 2  

Draft Proposed Five-Year OCS O i l  and Gas 

Leasing S chedule -- Apri l 1 9 8 1  

1982 1983 1984 1985 198( 
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I ! I 

' ! 
C . OI : AI 
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I ; 

·c O· A 
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: 

�, N!S 
,,. �N S 
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p 1 N' S 

E H ,,. 'i N S 
Hi F P' H S-

AI ' I E H '"' _l,_N s, ' ' ' A I I , ' : E ! : H I I r,: � NIS i  I ' ' i I 
3/85 I I : :  I I I I I : c ol A ' I E H ,,. 'ilN · S i I 
4/85 I I 1 ,  I I i I I I ' 
5/85 i I I  I I I I I I I : I 

6/85 ' :  
7/85 i I 

10/85 I I 
11/85 ' 

' 
1/86 i 
2/86 I 
3/86 I 
4/86 
5/86 
6/86 
8/86 

10/86 I '  

' . 
' I I 

! 
; 
I I 
I ' 

' ' 

: 

' 

I I ' 

I . 
i ' I ' 

I 

' 

' 
11 /86 I I  1 1 i l : L1 I I 

C · Call for Information 

D - Information Due 

A - Area Selection 

' 

I 

. 11 

E - Draft Environmental Impact Statement 
H - Public Hearing 

. I I 

C! O! A I  
' 

c : o: A 
c : o 

c. o A 
I 

I 

I I I 

E H _r; 'ft,N 1 S !  I 
P' �N 1 S r J ! 

E H ,,. 'tz!H ' S I I 
A . E H '\. '&·NIS I _j I I 
c 0 A E H J _&N S I I E H F Ll'l � N S ' ! 

c 01 A E H jj '; N S ' 
I I 

c 0 A E lil ,Pp � N S I 1 
c 0 A E IH _j •,. a!N s i ! 

C D  A :[ 1 H ... I N S ! 
: l l p 1'& N S , I 

c 0 A I iiJE ! H ,., 1u N!S , 
c 0 A I L ' E H l !_j. 

C D A J l E l  H 
I I I I I : !CID! A I I I I I E I ;HI I F : l ' 

F - Rna/ Environmental Impact Statement 

P - Proposed Notice of Sale 
G - Governors' Comments Due 

R - DOE Review 
N - Notice of Sale 
S - Sale 

"•i Nr S 
F� -� N S 
iPI �iNiS i 

* includes Cook Inlet, Shumagin, Kodiak. Gulf of Alaska 

SOURCE : u . s .  Department of the Interior . 

The f ive- ye a r  l e a s i ng s ch ed u l e  s e rv e s  a s  a b a s i s  fo r i nd u s try 
p lann i ng b y  OC S ope rato r s , s e rv i c e  i nd us tr i e s , d r il l i ng contrac­
tors , a nd ot h e r  s uppl i e rs and s uppo r t  i nd u s tr i e s . T h e  s c h ed u l e  i s  
e x c ept ional l y  c r uc i al i n  gove r n i ng the t imi ng o f  col l e c t i o n  o f  
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geophys ical and ge o l og i c a l  da ta nec e s s a ry fo r ope rators to prepa re 
for e a ch s a l e . Ge ophys i c a l  i n te rpre t at i o n s , pa r t i c u l a r l y  i n  f ron­
t i e r  a re a s , a r e  the b a s i s  fo r loca t i ng s tr u c t u r e s  of i n t e re s t  and 
for d e t e rm i n i ng b id s  to b e  made on i nd i v i d ua l  tracts  wh e n  a s a l e  
occurs . Co l le c t i on o f  se i sm i c  da ta to make t h e s e  i n terpr e ta t ions 
mu s t  often be c omme nc ed s e veral  yea r s  b e fore the area i s  to b e  
of fered f o r  s a l e  to a l l ow s u f f ic i ent t ime fo r s tudy a nd i n t e rpre­
tat ion . 

Dur i ng the prepa rat ion of the f i ve-ye a r  l e a s i ng s ched u l e , 
s tates , l oca l c omm un i t i es ,  a nd ot h e r  i n te res ted p a r t i e s  are af­
ford ed an oppo r t un i ty to c omme nt on the s ch ed u l e , pa r t i c u l a r l y  on 
how s al e s  may a f fect the s tate or commun i ty .  Th i s  proc e s s  may 
o f te n  cau s e  changes i n  the s chedule  to accommo d a te s t ate , reg ional , 
or local conce rns . The f i nal approved f ive-ye a r  sched u l e  prov i d e s  
a u s e f u l  me ch a n i s m  to the s t ates and l oc a l  c ommun i t i e s  f rom wh i c h  
they may g i ve c ons ide r a t ion to c reat ion of  i nf ra s tr u c t u r e  ne ce s s ary 
to s uppo rt the ant i c i pa t ed OC S a c t i v i ty ,  the mos t d e s i rab l e  loca­
t ion of o ns hore and s uppo r t  fac i l i t i e s , a nd t h e  i n te rf ac e s  that 
s tate and local  gove rnments  w i sh to h ave w i th the i nd us t ry 
act i v i ty .  

The f i ve-ye a r  s c h e d u l e  al so prov i d e s  othe r g r ou p s  the oppo r­
t un i ty to ant i c i pa t e  t i m i ng of  OC S ope ra t i o n s  th a t  may a f fe c t  the i r  
i nt e re s ts . The sched u l e  i s  of pa rt icu la r i n te re s t  to e nv i ronme ntal 
groups , wh i ch have freq ue n t l y  ch a l l e nged the orde r i ng of s a l e s  w i th 
r e s pe c t to the ava i l ab i l i ty o f  sc i en t i f ic da t a  on the po t e n t i al 
adve rse i mpa ct s  on b io l og i c a l  c ommun i t i e s  re s u l t i ng from e xp l ora­
t ion and deve l opme n t  ac t i v i t ie s . 

B .  The  Rol e  o f  Gove rnmen t  i n  the OCS 

The fed e ra l  gove rnme n t  s e rves as the ma n ag e r  of the OCS 
resource . Th e g ove rnme n t  h a s  author i ty ove r wh i ch o f  the OCS 
resources  w i l l  be of f e red for explora t ion and deve l opme nt ,  a nd t h e  
t ime frame i n  wh i ch t h e y  w i l l  b e  of fered ; th e cond i t i o n s  unde r 
wh ich i nd u s try w i l l  b e  a l l owed to expl ore and d e ve l op the s e  
resource s ,  i nc l ud i ng b o nus e s  to b e  pa id for the oppo r t un i ty to 
explore and deve l op and roya l t i e s  to be pa id to the fede ral 
gove r nme n t  i f  prod u c t ion is ob tai ned ; a nd the r u l e s  unde r wh i ch 
ope rat ions w i l l  b e  cond uc t ed , t ak i ng i n to ac cou n t  e nv i ronme ntal 
c oncerns and po te n t i a l  confl i c ts wi th o th e r  ocean i nd u s tr i e s  s uc h  
a s  f i sh i ng and s h i pp i ng . 

In carry i ng out  the s e  and other f unc t i o n s , a s  many a s  1 8  
federal  ag enc i e s have an a c t ive inte r e s t  i n  some a s p e c t s  o f  OCS 
ope ra t ions and occ a s ion a l ly par t i c i pate i n  the s h a p i ng of propo sed 
actions . Of  the se , s i x ag enc i e s  have s t a t u to ry a u tho r i t i e s  that  
requ ire them to  reg u l a t e  d ay- to-d ay ope ra t io n s  on the OC S :  the 
De par tmen t  o f  the I n te r i or ' s  Bureau o f  La nd Manag emen t  and Ge o l og i­
c a l  Survey ; the Depar tme n t  of  Trans por ta t io n ' s  ( DOT ) U . S .  Coa s t 
Guard and Ma te r i a l s  Tr anspo r ta t ion Bur e au/O f f i c e  o f  P i pe l i n e  S a f e ­
ty ; t h e  Envi ronme n t a l  Pro tec t ion Ag ency ; and th e Dep a r tme n t  o f  
De fense ( U . S .  Army Co rps o f  Eng i nee r s ) .  The r o l e  o f  the s e  ag e n c i e s  
i n  OC S d evelopme n t  ac t i v i t i e s  i s  d i s c u s sed i n  mor e  d e ta i l  b e l ow . 
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1 .  Departme n t  o f  the I n t e r ior 

DO I has g en e r a l  r e s pon s i b i l i ty for manag i ng m i n e r a l  l e a s i ng on 
t he OC S ,  i nc l ud ing coord i n a t i o n  o f  federal ac t iv i t i e s . Wi th i n  the  
Depar tme n t ,  B LM and USGS are the two pr inc i pa l  u n i t s  with OC S 
r eg ul a to ry r e spo n s i b i l i t i e s . Th e OC S LA o f  1 9 5 3  i n c re ased B LM ' s  
r e s pon s i b i l i t i e s  b y  mak i ng i t  r e s pon s ible  for adm i n i s te r i ng th e 
l e a s i ng proced u r e s  for OCS t r a c t s . Gu id ed by the Ac t ,  B LM i ss ue s  
l e a s e  s t i p u l a t ions  that  s e t  forth the t e rm s  g u id i ng d e v e l opmen t  and 
the con s t r a i n t s  and proced u r e s  that are to b e  o b s e rved by ope r­
a tors . Le a s e  s t ip u l a t ions a l so cover p i pe l i ne s ; howeve r , B LM and 
USGS have conc l ud e d  a memorandum o f  und e r s tand i ng ( MOU ) conce r n ing 
the approval o f  OC S p i pe l i n e  route s and con s tr u c t ion . Th i s  MO U 
h e l p s  to c l ar i fy the ro l e s  o f  B LM and USGS r e l a t i ng to p i pe l ine s 
and i s  i n tend ed to m i n im i z e  overlapp i ng f unc t i on s . 

USGS i s s ue s  reg u l a t ions for o i l  and g a s  ope r a t ions  on the  OC S .  
Reg u l a t ions  are propo sed , wr i t ten , imp l emen ted , a nd en forced by 
USGS to a s s ur e  tha t ope r a t ions und e r  f ed e r a l  o i l  and g a s  l e a s e s  and 
perm i t s  o n  the OC S emph a s i ze the sa f e ty of ope r a t ion s , prev e n t i o n  
o f  pol l u t ion , and prote c t io n  o f  l i f e  a n d  prope r ty , a n d  t h a t  t h e y  
m i n im i ze t h e  r i sk o f  env i ro nme n ta l  d amag e . 

2 .  Depar tme n t  o f  Transpo r t a t ion 

Th e pr inc ipal un i t s  i n  DOT w i th reg u l a to ry r e spo n s i b i l i t i e s  f o r  
o i l a n d  g a s  on the  OC S are the Coa s t  Guard and the  Of f i c e  o f  
P i pe l i n e  Sa f e ty Reg u l a t io n  i n  the Ma te r ia l s  Tr anspo r t a t i o n  B u r e a u . 

Th e Co a s t  Gua rd ' s  reg u l ato ry autho r i ty g en e r a l l y  r e l a t e s  to i t s  
re s pon s ib i l i ty for mar i t ime s a fe ty and for the s a f e  ope r a t i o n  o f  
v e s s e l s  and f l oa t i ng ocean s truc ture s . Und e r  the OC S LA Ame ndme n t s  
o f  1 9 7 8 ,  t h e  Coa s t  Guard promulgate s and e n force s r e g u l a t i o n s  to 
promote the s a f e ty of l i f e  and prope r ty o n  OC S f ac i l i t i e s  and 
ve s s e l s  e ng ag ed in OC S ac t iv i t ie s . 

The Na t ur a l  Ga s Pipe l ine Sa f e ty Ac t o f  1 9 6 8  e s ta b l i shed t he 
Of f i ce o f  P i pe l ine Sa fe ty i n  DOT . Th i s  o f f i c e  d e v e l ops s tand ard s 
and reg u l a t ions to a s s ure s a f e  con s t r u c t ion and ope r a t ion o f  
pipe l i ne s , i nc l ud i ng t hos e o n  the OC S .  Re named the  O f f i c e  of  
P i pe l i ne S a f e ty Reg u la t ion , th i s  un i t  of  the  f e d e r a l  g ove r nmen t  
moved t o  the newly c r e a ted Mate r i al s  Trans po r t a t ion B u r e au i n  1 9 7 7 . 
Th e of f i c e  h a s  j ur i sd i c t ion for ga the r i ng l i n e s  a nd trans m i s s i o n  
p i pe l i ne s  o f f s ho r e  and onshore , b u t  p i pe l i ne s  o f  an o i l - o r  ga s­
prod u c i ng fac i l i ty a re und e r  the j ur i sd i c t ion of USGS from the  
pl a t fo rm to the f l a ng e  connec t ed to the g a the r i ng l i ne s . The  scope 
of  r e s pons ib i l i ty i s  d e s c r ib ed b y  an MOU b e twe e n  DOT and DO I , b u t  
the ag r e eme nt fa i l s  to c la r i fy j ur i sd i c t ion ove r a numb e r  of  o t h e r  
types o f  p i pe l i n e s , s u ch a s  transm i s s ion p i pe l i ne s  mou n t ed on and 
cros s i ng ove r f i xed o f f s ho re pl a t forms . 

3 .  Envi ronme n ta l  P ro t e c t ion Agency 

Wh i l e  EPA i s  r e s pons ib le fo r reg u l a t i ng a i r  q u a l i ty o n  la nd , 
the OCSLA spe c i f i c al l y  cha rge s USGS wi th r eg u la t i ng the a i r  emi s­
s ions of  OCS i ns ta l l a t ions . EPA ' s  ma j o r au tho r i t i e s  o n  the  OC S are 
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those s e ct ions of  the C lean Wa te r Ac t o f  1 9 7 2  a s  ame nded that 
autho r i z e  the se t t i ng o f  e f f l ue n t  s tand a rd s  and ocean d i sc h arg e  
c r i te r i a , and the i s s u i ng o f  d i s cha rge pe rm i t s  that  re f le c t  the 
s tand a rd s and c r i te r i a . 

4 .  Depar tme n t  o f  De fense 

In  ac cordance w i th OCS l eg i s l a t io n , t h e  De f e n s e  Depa rtme n t • s  
U . S .  Army Corps o f  E ng i ne e rs occas ional l y  h a s  e s t ab l i sh e d  s h ipp i ng 
s a f e ty fa i rways and anchorag e s  on the OCS to control  the e re c t ion 
of s tructures in o rde r to prov ide s a fe appro a ch for ves s e l s  through 
areas of  m i ne ral explora t ion and deve l opme n t . Howev e r , the P o r t s  
and Wate rways S a fe ty A c t  o f  1 9 7 8  gave t h e  Coa s t  Guard t h e  authori ty 
to e s tab l i s h ,  ope r a te , a nd ma i nta i n  rou t i ng s y s tems and f a i rways . 
Neverth e l e s s , the U . S .  Army Corps o f  E ng i ne e r s  re ta i ns r e s pons ib i l ­
i ty fo r s h ippi ng s a fe ty fa i rways and a ncho rage a re as i n  the G u l f of 
Me x i co and in the Pac i f i c Ocean at Por t  H ue ne me , C a l i forn i a .  Th e 
Corps have al so e s tab l i s hed reg u l a t ions that  a u t ho r i z e  d r i l l i ng i n  
the G u l f o f  Santa Cat a l i n a , C a l i fo r n i a .  

C .  Lease  S a l e s  and P e rm i t t i ng 

1 .  I nd i v id u a l  Lease S a l e s  

a .  C a l l  for I n forma t ion 

Th e OCS h a s  b e e n  d i v i d ed by coord i na t e s  i n to a s y s t em o f  b locks 
of  thre e m i le s  on e ach s ide conta i n i ng 5 , 7 6 0  a c r e s . I n  i s s u i ng 
cal l s  for i n format ion , BLM ide n t i f i e s  the ove r a l l  a r e a  i n  wh i ch the 
s al e  is to b e  he l d . S uch an area w i l l  i nc l ud e  seve ral h und r ed 
b l ocks o f  5 , 7 6 0  acres e ac h , depe nd i ng upon th e amoun t  o f  a c re age to 
b e  of fe red i n the s a l e . I n teres ted part i e s , p r i ma r i l y  i nd u s try , 
w i l l  nomi nate to BLM t hose b locks tha t they pre f e r  to b e  i nc l ud e d  
i n  the fo rthcom i ng s al e . O t h e r  groups s uch a s  pub l i c  i nt e r e s t 
groups , the f i sh i ng i nd us t ry , s tate s , or othe r  i n te r e s t e d  pa r t i e s  
may also nom i na t e  trac t s  to b e  i nc luded o r  trac t s  that s ho u l d  b e  
e x c l uded from t h e  s a le area . B a s ed on c omme n t s  r e c e i ved a n d  
nom i nat ions mad e , e i the r pos i t ive or neg a t ive , B L M  t h e n  make s a 
pre l imi nary de c i s ion a s  to wh i ch b locks w i l l  b e  i nc l ud ed i n  th e 
forthcomi ng s a l e . 

b .  Dra f t  Envi ronmental I mpac t  S ta teme nt 

The nex t s tep i n  the sale prepa rat ion proc e s s  i s  to prepare an 
e nv i ronme n t a l  r e v i e w  a nd to pre se n t  that r e v i ew in a docume n t  
cal led the Dr a f t  E nv i ronme ntal I mpa c t  S ta t eme n t  ( DE I S ) . T h e  DE I S , 
prepa red b y  BLM , r e v i ews the pro j e c t ed e nv i ronme n t a l  cons equences 
of explo r i ng a nd deve l op i ng all  of  the trac t s  t e n t a t ive l y  s e l e c ted 
for s a le a s  wel l a s  th e a l te r nat i ve s  to hol d i ng the s al e . 

c .  P ub l i c Hear ing 

A f t e r  pub l i ca t ion of  the DE I S , not i c e  i s  g i ven in th e F e d e r a l  
Reg i s te r  to interes ted pa r t i e s  that a pub l i c  h e a r i ng w i l l  b e  h e l d  
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conc e rn i ng the forthcom i ng s a l e . S uch h e ar i ngs  are n o rma l l y  h e l d  
n e a r  t h e  o f f shore s a l e  a rea . Any i nd i v id ua l  w i th an i nt e re s t i n  
the s a l e  may r eq ue s t  a nd ob t a i n  the oppo r t un i ty to s pe ak a t  th e 
hea r i ng . S uc h  h e ar i ng s  are cond u c t ed b e fore a pa n e l  o f  i nd i v id ua l s  
from DO I a nd a f u l l tra n s c r i p t  o f  the hea r i ng i s  made con t a i n i ng 
b oth o ral r ema rk s and wr i t ten s ta teme n t s  s ub m i t ted to the pa n e l . 

d .  F i na l  E n v i ronmental  I mpa c t  S ta teme n t  

T h e  F i na l  Env i ronme ntal I mpa c t  S t a teme nt ( FE I S ) i s  a mod i f i ed 
v e rs ion of  the DE I S  that  t akes i n to acc oun t  oral  a nd wr i t t e n  c om­
me n t s  rece ived at the pub l i c  h e ar i ng . The FE I S  may d e l e te c e rt a i n  
tracts from t h e  s a le depe n d i ng upon pub l i c  c omme n t s  r e c e i ved , a nd 
i n  i ts f i nal f o rm s e rv e s  a s  the of f ic i al docume n t  to s a t i s fy N EP A  
req u ireme n t s . 

e .  P roposed Not i c e  o f  S a l e  

The proposed Not i c e  o f  S a l e  s e ts forth the tra c t s  propo s e d  for 
i n c l u s ion in the fo rthcom i ng s al e  a nd t h e  propos e d  cond i t io ns unde r  
wh i ch s u ch tracts w i l l  b e  of fered . Propos ed cond i t ions w i l l  
i n c lude the b i d d i ng sys tem t o  b e  u t i l i z ed a s  we l l  a s  s t ip u l a t ions 
regard i ng the cond u c t  o f  ope rat ion on c e r ta i n  tracts in t h e  s a l e  
area . The propos e d  not i c e  e l i c i ts pub l i c  comme n t  a s  to the s e  con­
d i t ions i n  t h e  s a l e  a r e a  for cons i d e ra t i on b y  t h e  BLM i n  prepa r i ng 
the f i nal Not i c e  o f  S a l e . 

f .  Not i c e  o f  S a l e  

T h e  Not i c e  o f  S a l e  se ts fo rth t h e  d a te , t ime , a nd p l a c e  t h a t  
the s a l e  w i l l  b e  h e l d , t h e  tra cts  t o  b e  of fered i n  the s al e , a nd 
the cond i t ions und e r  wh i c h  s uch trac t s  w i l l b e  of f e red . 

g .  S a l e  

T h e  l e ase s a l e  i s  cond uc t ed b y  t h e  reg i onal BLM ma nag e r  r e s po n­
s ib le for the s a l e  a re a . Compa n i e s  or i n d i v i d u a l s  s ub m i t s e a l e d  
b i d s  t o  B L M  and s uc h  b id s  a r e  ope ned and a n nou n c ed a t  the s a l e . 
The h ig h  b id de r  for e a ch tra c t  mus t s ubmi t a c e r t i f i ed check 
amount i ng to 2 0  pe rcent  of  h i s  b id d ur i ng t h e  sale  proceed i ng s . 
The awa rd o f  tracts  mu s t  b e  made b y  BLM wi th i n  6 0  d ay s  fo l l owi ng 
the sale . The h ig h  b id d e r  i s  not au toma t ic a l l y  awa rded the l e a s e , 
b e cau s e  DOI may re j e c t  any b id a s  too l ow .  

O f f s ho re l e a s e  s al e s  r e l y  ma i n l y  o n  a b o n u s -b i d/ f i x e d -roya l ty 
forma t . Th i s  forma t r eq u i res s ig n i f icant  s ums o f  " up fro n t  money " 
( money n e eded immed i a t e l y  for payme nt of  the b o n u s  a nd f i rs t-yea r 
rental ) .  The b onu s as s ur e s  the gove r nme nt of  s ig n i f i c a n t  i nc ome 
from the lea s e , e ve n  i f  late r e xplorat i on r e s u l ts in no c ommer c i a l 
o i l  or natural g a s  d i s c ove ry . 

h .  L e a s e  Terms 

In ge n e ral , o f f s ho re pr ima ry l e as e  term s  are fo r a pe r i od of 
f i ve ye ars . Unde r ce rt a i n  cond i t ions , a 1 0 -year l e a s e  te rm i s  
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autho r i zed u nd e r the OC SLA Ame nd me n t s  of  1 9 7 8  ( f o r  e x ampl e , i n  some 
de epwa t e r  a nd front i e r  areas ) .  Lea s e  r i gh t s  e x te nd pa s t  the pr i ­
ma ry t e rm for a s  l o ng a s  c omme r c i a l  produc t i o n  cont i nue s .  

2 .  The  P e rm i t t i ng P roce s s  

a .  Ove r v i e w  

Pos t- s al e  pe rm i t s and ot h e r  ac t io ns o r  f i l i ng s  r eq u i red of  the 
ope rator i n  order  to proce ed w i th expl o ra t i o n , prod u c t ion , a nd de­
ve l opme nt are far  too nume rou s to al low d i sc u s s i o n  o n  an i nd i v i d ua l  
b as i s . A pa rt i al l i s t i ng of  s uch r eq u i reme n t s  b y  e a ch o f  t h e  agen­
c i es w i th pr ima ry j ur i sd i c t ion ove r OC S ac t iv i ty i s  s hown b e l ow .  

• U . S .  Geo log i c a l  S urvey 

- P l a n  of  Expl ora t io n  
- Plan o f  Deve l opme n t  
- P l a n  o f  Prod uct ion/Ope ra t ion 
- P l a t form P e rm i t Appl i ca t io n  
- P l a t fo rm De s ig n  C e rt i f ic a t ion 
- P la t form Comp l e t ion Not ice  
- S undry Not i c e  o f  So i l  Bor i ng s  
- Annua l P i pe l i n e  I ns pe c t ion Repo r t  
- Fac i l i t i e s  P e rm i t  Appl i ca t ion 
- P i pe l i ne P e rm i t  App l i ca t i o n  
- S u spe ns ion of  Prod uc t ion 
- Le a s e ho l d e r  De t e rminat ion 
- D r i l l i ng P e rm i t  
- Workove r Pe rm i t  

• U . S .  Army Corps o f  Eng i ne e rs 

- B lanket P e rm i ts 
- I nd i v i d ua l  P e rm i t s 
- Not ice o f  R i g  Moveme n t  
- No t i ce o f  Beg i nn i ng In stal l a t i o n  
- No t i c e  o f  Compl e t io n  Instal l a t io n  
- Annual Struc ture Re po r t  

• U . S .  Co a s t  Gu ard 

- No t i ce of Rig Movemen t s  
- No t i c e  o f  E s tabl i s h i ng o r  Di scon t i n u i n g  Nav i g a t ion Aid  
- No t i c e  o f  Chang e  i n  Nav i g a t i o n  A i d  Equ i pmen t  
- No t i c e  o f  Change i n  Ownersh i p  o f  S tr uc t ur e  

• U . S .  Env i ro nme n t a l  Pro tec t io n  Ag ency 

- Na t io n a l  Pol l u t io n  Di scharge El i m i n a t ion Sys te m  ( N P DE S )  
Pe rm i t s . 

b .  Key Perm i t t i ng Requ i re me n t s  

Al l of  the fo reg o ing perm i t t i ng requ i reme n t s  a r e  impo r tant and 
mu s t  be s a t i s f ied  pr ior to c omme nc i ng ope r a t ion s .  Howeve r ,  s ome 
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pro c e s s e s  are more d i f f i c u l t to s a t i s fy and l e s s  pred i c ta b l e  tha n 
others . The se proce s se s  are d e scr ibed b e l ow . 

( i )  P l ans o f  Explor a t ion 

The Plan of Explor a t i o n  ( PO E ) is  f i l e d  w i t h  USGS and c on ta i n s  
a d e s c r ip t i o n  o f  t h e  expl oratory d r i l l i ng ac t i v i t i e s  t h e  ope r a t o r  
propose s t o  pe r fo rm on e ac h  l e a s e . In add i t ion to a l l  per t in e n t  
d ata concer n i ng we l l s  propo sed t o  b e  d r i l l ed , t h e  POE m u s t  b e  
accompan i e d  b y  an e nv i ro nme n t a l  report s ta t i ng t h e  prob a b l e  cons e­
que n c e s  of the propo sed explorato ry a c t iv i ty .  The POE i s  s ubmi tted 
to a f f e c ted ad j ac e n t  s ta te s  that  h ave approve d C Z M  plans f o r  t h e i r  
r ev i e w  a s  to the cons i s t e ncy o f  the propo sed ope r a t i o ns w i th the  
s t a t e ' s  CZM  plan . Al though the  USGS s uper v i sor m us t  approve or  
r e j e c t  t he pl an w i th i n  3 0  d ay s  o f  r e c e ipt , t he ad j ac e n t  s t a t e s  have 
a per iod of  1 8 0  d ays to r e v i ew the plan for cons i s tency . Af f e c te d  
s ta t e s  m a y  r e j e c t  t h e  pl an a s  incon s i s te n t w i th the i r  C Z M  p l an , o r  
may reque s t  add i t ional  i n forma t ion t h rough USGS a t  a n y  j un c t ur e  
w i t h i n  t h e  1 8 0 -d ay approval pe r iod . 

( i i )  P l an s  o f  Deve lopmen t  

Th e Pl an o f  De v e l opmen t  ( POD ) serve s the s ame purpo s e  a s  the  
POE except that  i t  concerns the d evelopme n t  pha s e  of  OC S oper a­
t ions . Th e POD r e c e iv e s  the s ame rev iew f r om U S GS and a f f e c te d  
coas ta l  s ta te s , b u t  w i l l  tend , i n  genera l , to b e  mor e  compl e x  t h a n  
t h e  POE ,  a s  the mag n i tud e and comp l e x i ty o f  ope r a t i o n s  pe r f o rmed 
d ur i ng d ev e l opme n t  are much g re a t e r  than d ur i ng the  e xplora t io n  
phase . 

( i i i ) NPDES Perm i t s  

NPDE S perm i t s admi n i s te r ed b y  E PA c ov e r  a l l i n t e n t i o n a l  d i s­
charg e s  f rom an ope r a t ion i n  the  OC S .  Dur i ng e xploratory d r i l l in g , 
the se d i scharg e s  wou l d  i n c l ud e  pr imar i l y  san i tary sewage d i s c harg e s  
and the  d i scharge o f  d r i l l i ng mud s and c u t t i ng s . Dur i ng p rod uc i n g  
ope ra t i o n s , d i s c h a rg e s  wo u l d  a l so i nc l ud e  f o rma t i o n  wa ter s prod uced 
wi th the  o i l o r  g a s . In f i l ing  for th i s  d i s c harge permi t ,  the 
ope ra tor mu s t  s ta te the vo l ume o f  h i s  expec ted d i s c h a rg e s  a nd mu s t  
iden t i fy e xpe c ted tox i c  s ubs tance s con t a i ned i n  the s e  d i s charge s . 

A f t e r  proce s s i ng the pe rm i t  appl i c a t ion , E PA norma l l y  i s s ue s  a 
d ra f t  pe rm i t  and i nv i te s  c omme n t  f rom the a f f e c te d  ope r a t o r  and the 
p ub l i c  on the  cond i t io n s  of the pe rmi t .  In f ron t i e r  and s e n s i t iv e  
areas , i t  h a s  b e e n  common fo r E PA to requ i re e x t e n s i ve mon i to r i n g  
prog rams and/or s pec i a l  b io l og i c a l  s t ud i e s  a s  a cond i t ion for pe r ­
m i t  approv a l . In c e r ta i n  s i tua t i on s , perm i t  approva l  may requ i re a 
per i od o f  s i x mon t h s  to one ye a r  o r  l onge r .  The N P DE S  pe rmi t i s  
a l s o  s ub j e c t  to an adm i n i s tr a t i v e  procedure  c a l l ed " a n e v id e n t i ary 
hear i ng , "  wh i c h  may be r eque s ted by the  ope r a to r  or any o t h e r  i n­
teres ted par ty . Ev i d e n t i a ry hear i n g s  wi l l  r e s u l t i f  an i n te re s ted 
par ty c an s how c a u s e  why the hear i ng i s  nece s s ary . The s c he d u l i ng 
o f  ev id e n t i a ry hear i n g s  u s ua l l y  req u i r e s  a pe r iod o f  many months  
and may re s u l t  i n  d e n i a l  o f  the  pe rmi t ,  or a t  a m i n imum , a d e l ay o f  
one ye ar o r  more i n  pe rm i t  i s s uance . 

1 5 4  



EPA i s s ue d  three g e ne r a l  pe rm i ts f o r  Gu l f  o f  Me x i co OC S ope r a­
t ions i n  Apr i l  1 9 8 1 ,  i n  re cogn i t ion o f  the n e e d s  for adm i n i s tra t iv e  
s impl i f i c a t io n  o f  the pe rm i t t i ng proc e s s , the m i n im a l  impac t s  o f  
the d i scharge s , a nd t h e  s im i l ar i t i e s  o f  t h e  ope ra t io n s  i n  many 
d i f fe re n t  l o c a t i on s . 

In Se ptember 1 9 8 1  E PA p ub l i shed a d ra f t  g en e r a l  pe rm i t  f o r  OC S 
opera t ions o f f  Southe r n  Ca l i forn ia . 4 4  E PA s a id tha t a r e v i e w  o f  
the i nd iv id ual NPDES p e rm i t s a l read y  i s s ue d  und e r  the C l ean Wa ter 
Ac t for t h e  1 5  e xplora tory d r i l l ing ve s s e l s  and 1 2  prod u c t ion pla t­
f o rm s  in the a f f e c ted area c l early i nd i c a te d  that  the s e  f a c i l i t i e s  
would b e  more appropr i a te l y  con tro l l e d  b y  a s i ng l e  g en e r a l  permi t ,  
wh i ch i s  e xpe c ted to be i s s ue d  i n  early 1 9 8 2 .  

EPA s a id tha t und e r  a general pe rm i t ,  e nv i ro nme n ta l  mon i to r i ng 
can be d e f ined and imposed on f ac i l i t i e s  opera t i ng i n  a permi t 
are a ,  thus  r ed u c i ng the cost pe r f a c i l i ty and prov i d i ng the Ag ency 
with  a be t te r  me chan i sm to  add re s s  e nv i ro nme n t a l  d eg r ad a t i o n . E PA 
added tha t g e n e r a l  pe rm i t s e l im i n ate , f o r  the Ag ency , the t ime­
cons umi ng and r e s o urc e - i n te n s ive proc e s s  of  r e v i e wi ng a nd e va l ua t­
ing ind i v id u a l  pe rm i t  appl i c a t ions , and s ig n i f i c an t l y  r e d u c e  the 
r eg u l a to ry burd e n  impo s ed on i nd u s t ry i n  app l y i ng for and o b ta in ing 
i nd iv id ua l  pe rm i t s . 

Th e fac i l i t i e s  i nvol ved in the g e n e r a l  pe rm i t  a r e  l oc a te d  whe re 
d i scharge s w i l l  no t s ig n i f icantly a f fe c t  t h e  mar i n e  e nv i ro nme n t . 
E PA s ta te d  tha t i n  v i ew o f  the n a t i onal e f fo r t  to id e n t i fy and 
d eve lop the n a t i o n ' s  nat ur a l  re source s ,  and in v i e w  of DO l ' s  e f­
forts to a c c e l e r a te o f f s ho re o i l  and g a s  l ea s e  s a l e s , i t  i s  pa r t i c ­
u l arly impor tan t that  E PA e xped i te i s s uance o f  N PDE S permi t s  fo r 
the se fac i l i t i e s . EPA c omme n te d  tha t a g e ne r a l  pe rm i t  wo u l d  be 
part i c u l a r l y  approp r i a t e  for mob i l e  d r i l l i ng u n i t s ,  b e ca u s e  i t  
al l ows them to move e f f i c i e n ty from one loca t ion to anothe r . 

D .  Envi ronme n t a l  Con s iderat ions 

1 .  The F i na l  E n v i ronme ntal I mpac t S t atement 

The prepa ra t ion a nd pub l i cat ion of  th e F i ve-Year OC S O i l  a nd 
Gas Le a s i ng S c h ed u l e  has b e e n  v i ewed b y  DO l a s  a " ma j o r  f e d e ral 
act ion " s ub j e c t  to the NEPA proc es s . Th e F E I S  for the March 1 9 8 0 -
F eb ruary 1 9 8 5  f ive-ye a r  s c h e d u l e  was pub l i shed b y  BLM i n  1 9 8 0 . 
Al though th i s  do cume n t  i s  cons i d e r ed ne c e s s a ry to s a t i s fy l e g a l  and 
adm i n i s tr a t i ve proce s se s , t he r e  are no e nv i ronme ntal i mpa c t s  in the 
OC S that r e s u l t  from the p ub l i c at ion of  the f i ve-ye a r  s ch ed u l e . As 
the sched u le lacks spe c i f i c i ty a s  to the locat ion of trac t s  to b e  
o f fe red i n  i nd i v i d ua l  s a l e s , the pote n t i a l e nv i ronme nt a l  impa c t s  
f o r  e ach sale  a rea have , b y  n e c e s s i ty ,  b e e n  ad d r e s sed i n  g e neral 
te rms . 

I n  cons ide r i ng pote n t i al e nv i ro nme n t a l  c o n s eq ue nc e s , the F E I S  
cons id e rs f ive g e n e r i c  impa c t-produc i ng f ac t o rs : o i l  s p i l l s , wa ter 
e f f l ue n t s , a i r  emi s s i o n s , ons hore fa c i l i t i e s , and o f f s ho re f a c i l i ­
t i es . These g e n e r i c  factors may impa c t  on c e r t a i n  sy s tem s , a ct iv i­
t i e s , or other c once r n s , i n c l ud i ng th e ma r i ne e nv i ronme n t ,  coa s t a l  
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e cosys t em s , wa t e r  q u a l i ty a nd s uppl y , n av i g a t io n , c omme rc i al f i sh­
i ng , e ndange red s pe c i e s , a i r  q ua l i ty ,  and so c i o- e conom i c  s y s t ems . 
The FE I S  al so t re a t s  i n  a s im i la r ma n n e r  a numb e r  of  al t e rn a t ive s 
to the f i n a l  f i ve-year s ched u l e  tha t d e l e te d i f fe r e n t  s a l e s  from 
the s c h ed u l e . 

Ac c ur a t e  pred i c t ion of  the e nv i ronme ntal c o ns eq ue n c e s  o f  the 
f i ve-year s ch ed u le is impos s ib le , d ue to a l a c k  o f  know l ed g e  a s  to 
wh ich trac t s  w i l l b e  le ased in  a g i ve n sale a r e a , wh e re e x p l oratory 
d r i l l i ng w i l l  b e  cond u c t ed , whe th e r  d i scove r i es w i l l b e  made , 
whe th e r  s uch d i sc ove r ie s  w i l l  b e  o i l  o r  g a s , a nd t h e  n a t u r e  a nd 
locat ion of  any ope r a t i on a l  i n c idents a t te ndant to the o f f s hore 
ope ra t io n . The FE I S  a s s ume s that exp l o ra t ion , d e v e l opme n t ,  a nd 
prod u ct i o n  w i l l  o c c ur i n  al l s a le areas and that  o i l  w i l l  b e  d i s­
covered a nd p rod uced i n  vo l ume s equa l to the USGS r e s o u r c e  e s t ima te 
for the a re a . Th e s e  a s s umpt i ons are pe rh aps as good a s  any i f  i t  
i s  pres umed t h a t  the to t al i ty o f  al l pos s ib le OC S act iv i t i e s  m u s t  
b e  ad d re s s ed s imu ltane ou s l y  i n  a s i ng le d o c ume n t . A s impl e r  ap­
proach , wh ich cou l d  e l i m i na te much conj e ct u r e  a nd g e n e ral i ty ,  wou l d  
b e  i n i t i al ly to l im i t  cons iderat ion of  e nv i ro nme n t a l  consequenc e s  
t o  explorato ry d r i l l i ng ac t iv i t i e s  and augme nt the FE I S  w i th 
s uppleme n t a l  e nv i ronme n t a l  s ta teme n t s  for those a re a s  i n  wh i ch 
ma rke tab le d i sc ove r i e s  occur . Th i s  approach to s tr e aml i n e  the E I S  
pro c e s s  i s  unde r cons iderat ion for the OCS l e a s i ng proce s s . 

2 .  P red i c tab l e  I mpac t s  o f  Exploratory Dr i l l i ng o n  the OCS 

a .  O n s hore I mpac t s  

Onsho r e  e nv i ronme ntal impa c t s  a s so c i a t ed w i th e x p l o r a to ry 
d r i l l i ng areas  a r i se from the ne e d  for a temporary l a nd b a s e  to 
s uppo r t  the of f sho r e  ope r a t ion . Th es e act iv i t i e s  a re pr i nc i pa l l y  
re lated to s tockp i l i ng ,  loadi ng , a n d  tra n s po rt a t ion o f  eq u i pmen t  
and s uppl i e s ; t h e  hou s i ng a nd care for a s so c i a t ed empl oye e s ; a nd 
the transport o f  o f f s ho r e  worke rs to and from o f f s ho re d r i l l-
i ng r ig s . 

The nature and s c ope of  these ope r a t ions are we l l  docume n t ed 
a nd the i mpa c t s  are gene ral l y  mod e s t  i n  pop u l a ted coa s t a l  a r ea s . 
The s ame ope rat ions cond u c t ed i n  unpopu l a ted o r  s pa rs e l y  pop u l a ted 
areas  may b e come mor e  s i gn i f i cant b e c au s e  of  the l a c k  of an e s t ab ­
l i s hed i n f r a s tru c t ur e . 

b .  O f f s hore I mpac ts 

O f f sho re impa c t s  res u l t  from the mov i ng o f  d r i l l i ng e q u ipme n t  
to and from wel l s i t e s , the cond uct of  the d r i l l i ng ope r a t i o n s , a nd 
the trans po rt o f  s uppl i e s to and f rom t h e  r ig s . A r e a s  o f  c o n c e r n  
dur i ng explora to ry d r i l l i ng foc u s  o n  pos s ib le con f l i ct s  w i th othe r 
ocean i nd u s tr i es , p r i n c i pa l ly f i s h i ng ,  a nd t h e  e nv i ronme n t al conse­
que n c e s  from d i scha rge o f  d r i l l i ng muds a nd c u t t i ng s  a s  we l l  a s  the 
pot e n t i al f o r  o i l s p i l l s . I n  fron t i e r  areas o f f s ho r e  A l a ska , c o n­
c e rns a l so are r a i s ed r e l a t i ve to the e f fe ct o f  o f f s hore d r i l l i ng 
ope rat ions on a v a r i e ty o f  s e a  an imal s ,  part i c u l a r l y  t h e  b owh e ad 
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wha l e , wh i ch i s  important to the s ub s i s t e n c e  o f  c e r ta i n  n a t i ve 
g roups . The NPC h as ad d r e s sed these  conce rns i n  i t s 1 9 8 1 r eport , 
u . s .  Arc t i c  O i l  and Gas . 

The degree of  impa c t  b y  e xpl ora tory d r i l l i ng ope ra t ions on 
these areas of  concern is cont rove rs i a l , v i ewed b y  some to be neg ­
l i g ib l e , and b y  oth e r s  t o  be poten t i a l l y s i gn i f i c an t . T h e  d eg re e  
of  c once rn i s , howeve r ,  s ub s tant i al ly l e s s  t h a n  fo r d e ve l opme n t 
a ct i v i t i e s . The only known and pre d i c t ab le i mpa c t s  a r e  those 
r e s u l t i ng f r om t h e  phys ical  presenc e  of d r i l l i ng r i g s  a nd s uppo r t  
ves se l s  a nd t h e  d i s cha rge o f  d r i l l i ng mud s , c ut t i ng s , a nd treated 
s an i tary was tes i n to the ocean . The s uppo rt v e s s e l s  ( two pe r r ig ) 
w i l l  c au s e  some mod e s t  tempora ry i nc re a s e  i n  ma r i ne tra f f i c , a nd a 
d r i l l i ng r ig w i l l  t empo r a r i l y  occupy appr o x i ma te l y  o n e  a c r e . The 
i mpa c t  of the t emporary d i s ch a rges  s hould b e  mod e s t ,  g i ven that  th e 
numb e r  of wel l s  d r i l led w i l l  b e  l i m i ted . 

Al l ot h e r  pot e n t i al impa c t s  from o f f s ho re ope r a t ions a re pur e l y  
spe c u l a t i ve . N o  o i l  sp i l l e x c e ed i ng 5 0  b a r r e l s  h a s  o c c urred i n  
U . S .  wa t e rs d ur i ng e x p l o ra tory d r i l l i ng i n  the h i s tory o f  the OC S .  
Al though there i s  no ab so l u te ass urance that a la rger sp i l l  w i l l  
not occur i n  the f u ture , t h e  probab i l i ty o f  s uc h  a s p i l l  i s  l ow .  

E .  The F i ve-Year Leas i ng Sched u l e  a s  a W i th ho l d i n g  
Mecha n i sm 

OC S are a s  omi t ted f rom the f iv e -ye ar s c he d u l e  o r  appe a r i ng l a te 
i n  the sched u l e  may have g re a t  s ig n i f i c anc e  i n  the n a t ion ' s  e f f o r t  
t o  i n c r e a s e  t h e  d ome s t i c s upply o f  o i l  a n d  ga s .  The June 1 ,  1 9 8 0 ,  
sched u l e  ( Ta b l e  2 1 ) i s  a c as e  i n  po i n t . Th e a l terna t i v e  s c hed u l e  
proposed b y  DO I i n  Apr i l  1 9 8 1  ( Tabl e  2 2 ) ad vances  s a l e s i n  h i g h ­
po te n t i al bas i n s  o f  Al aska and cou l d  re s u l t  i n  prod uc t io n  i n c re a se s 
of  several m i l l ion barre l s  pe r day by 1 9 9 5 .  Bo th sched u l e s  were 
prepared f rom the s ame d a ta base ; t h u s , s uc h  pro j e c ted prod u c t io n  
incre a s e s  are ach i eved sol e l y b y  e a r l i e r  sched u l i ng a n d  more 
f reque n t  sal e s , par t i c u l arly in the h ig h  po te n t i a l  bas i n s  in the 
Al a s kan OC S .  

F .  L i t ig a t ion 

The mo s t  s e r i o u s  d i s rup t ions o f  s c he d u l ed s a l e s  h ave o c c urred 
as a re sul t of  l eg a l  chal l e ng e s . Al l recen t OC S l ea s e  s a l e s , 
except Sal e # 4 3 i n  the South Atlan t i c , have b e e n  s ub j e c t  to l i t ig a­
t io n . Th e conseque n t  po stpo nement o f  s a l e  d a te s , f o l l owed i n  many 
case s by l egal  con s i d e r a t ions of a l e s se e ' s  r i g h t  to c ommence 
d r i l l i ng ope r a t ions , h a s  c re a ted an aura of u n c e r ta i n ty reg ard i ng 
a l l  sale s , par t i c ul ar l y  so i n  f ron t i e r  are a s . NE PA ' s  E I S  requ i r e ­
men t s  have b e e n  the mo s t  f r equently u s e d  i n s tr umen t  f o r  s u c h  c o u r t  
chal l e nge s ; howeve r , other e nv i ronme n t a l  s ta t u te s  conta i n  c i t i ze n  
s u i t  prov i s ions o n  wh i c h  chal l enge s  can b e  b a s e d . 

I V . Coa s ta l  Zone Manageme nt Ac t 

I n  1 9 7 2 , Cong r e s s  pa ssed the C Z MA to e s tab l i sh a n a t i o nal 
po l i cy a nd d e v e l op a nat ional  prog ram for t h e  manageme n t ,  
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b e ne f i c i al u se , p ro t e c t ion , a nd deve l opme n t  o f  t h e  l a nd a nd w a t e r  
resources o f  t h e  n a t i o n ' s  coa s t a l  z one . T h e  1 9 7 2  Ac t w a s  i n t e nd e d  
to e ncourag e  a nd a s s i s t  s ta te s  t o  c re a te ma nageme n t  prog r ams to 
" pr e s erve , prot e c t , d e ve l op and whe reve r pos s ib l e  res tore t h e  
r e s o u r c e s  o f  the coa s tal z o ne of  the Un i t ed S t a t e s . " 4 5  

Th e C Z MA r e c og n i ze d  the s t a te s  a s  the foc a l  po i n t  fo r c o a s t a l  
zone plann i ng a nd man agemen t .  The s ta t e s  c o u ld d e l e g a te some o r  
a l l  of  the i r  respo n s i b i l i ty t o  l o c a l  g ov e r nme n t s , o r  t o  a r e a  o r  
i n t e r s ta te agenc ie s .  Enco ur ag emen t  f o r  the s ta te s  t o  become a c t i ve 
i n  coa s t a l  zone man ag eme n t  wa s prov id ed by a se r ie s  o f  f i nanc i a l  
g r a n t s  to d eve l op a nd admi n i s te r  C Z M  prog r ams . 

An appl i c a n t  for a f e d e r a l  pe rmi t mus t c e r t i f y  t h a t  h i s  pr o­
posed ac t iv i ty in the coa s t a l  z o ne is in compl i a n c e  w i t h  a s ta te ' s  
f ed e r a l ly approved C Z M  prog r am .  Be fore a f e d e r a l  p e rm i t  c a n  be 
i s s ue d , t h e  s t a te must ce r t i fy tha t it conc u r s  and tha t i t  was 
g iven s i x mon t h s to ma ke s uc h  a f i nd ing . If  a s ta t e  r e j e c t s  t h e  
cons i s te ncy c e r t i f i c a t ion , the pe rm i t  c anno t b e  i s s ue d  u n l e s s  t h e  
Secre t a ry o f  Comme rce overr ide s  the s t a t e ' s  a c t ion on h i s own in i ­
t i a t iv e  o r  o n  appe a l  by the appl i c an t . Th e g ro und s o n  wh i ch t h e  
Se cre tary c a n  overr ide a s ta te cons i s tency d e c i s io n  a r e  e x treme l y  
na rrow . S i nce t h e re i s  no t ime l i m i t  w i t h i n  wh i c h  h e  m u s t  a c t , a 
f i nal de c i s ion can b e  d e l ayed i nd e f i n i t e l y . 

By 1 9 7 6 , wh e n  the C Z MA wa s f i rs t  ame nded , o n l y  t h e  s t a te of  
Wa s h i ng to n ' s  C Z M prog r am h ad been appr ove d  a nd t h e  cons i s t e ncy 
c e rt i f i ca t ion i s s ue h ad not s ur f a c ed a s  a pote n t i al ly ma j or prob l em 
fo r i nd u s try . As a cons eq ue nce of  the 1 9 7 3 - 1 9 7 4  o i l  emb a rg o  the 
n a t ion recogn i z ed the ne ed to acc e lerate  d omes t i c  o i l  a nd gas  
e xplora t io n , pa r t i c u l a r l y  o f f s ho re . The thru s t  o f  t h e  1 9 7 6  ame nd ­
me n t s  was to a s s i s t  t h e  s ta t e s  to mee t  the c h a l l e ng e s  and impa c t s  
o f  accele r a ted O C S  o i l  and gas  act iv i ty .  Cong re s s  pe r c e ived t h a t  
i t s  ame ndmen t s  wou l d  e n c o ur age new o r  e x pa nd ed o i l a nd n a t u r a l  gas  
prod uc t i o n  from t h e  n a t io n ' s  OC S i n  an ord e r l y  ma n n e r  "by prov id i ng 
for f i na n c i al a s s i s ta n c e  to me e t  s t ate a nd l o c a l  n e e d s  r e s u l t i ng 
f rom spe c i f i ed new o r  expa nded e ne rg y  a c t iv i ty i n  or a f f e c t i ng t h e  
coa s ta l  zone . " 4 6  

Two ma j or ch a ng e s  we r e  made i n  the C Z MA to accomp l i sh t h i s  
goal . F i rs t ,  a Coa s tal E n e rg y  Impact F und wa s c re a t ed t o  f i na n c e  
pub l i c  f a c i l i t i es a nd se r v i c e s . Second , t h e  s t a te s ' cons i s t e n cy 
powe rs we re e x t e nded to i n c lude Expl o r a t ion and Deve l opme n t a nd 
Prod u c t ion P la ns s ubmi t t ed b y  ope ra to rs on t h e  OC S . T h u s , a l l  
pos t- s al e  of f s ho re o i l  a nd gas  act iv i ty r eq u i red s t a t e  cons i s t e ncy 
c e rt i f i ca t ion b e fore i t  could b eg i n .  

Fo l l owi ng the pas s age of t h e  1 9 7 6  ame nd me n t s , the o i l  a nd g a s  
i nd u s tr i es b e came aware of  t he po t e n t i a l  f o r  de l ay a nd o t h e r  prob­
l ems the Act c r e a t ed by the e xpa nd ed cons i s t e n cy provi s io n s . AP I 
chal l e ng ed t h e  Na t ional O c e a n i c  a nd A tmo s phe r i c  Ad mi n i s tra t io n ' s  
( NOAA ) approval o f  C a l i for n i a ' s  a nd Ma s s a chu s e t t s ' propos ed C Z M  
prog r ams , ch a rg i ng t h a t  NOAA d i d  not c omp l y  w i t h  r eq u i reme n t s  s e t  
out i n  t h e  1 9 7 6  ame ndme nts a s  they app l i ed t o  a n  e ne rg y  f a c i l i ty 
s i t i ng proced ure i n  the C Z M  program , a nd t h a t  NOAA d i d  not ad e ­
qua t e l y  cons ider  the nat ional i n teres t .  AP I wa s n o t  uph e l d  b y  t h e  
cour t s . 
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As o f  Sep temb e r  1 9 8 1 , 2 0  s tate a nd f ive t e r r i tory C Z M p l a ns 
were approved b y  the N OAA . An add i t i on a l  s i x s t a te s ' p l a n s  we re i n  
various s tage s  of  c ompl e t io n , a nd i t  appe a red t h a t  Ge org i a ,  
V i rg i n i a , Mi nne sota , Texa s , a nd I l l i n o i s  wou l d  n o t  pa r t i c i pate i n  
the C Z M prog r am . 

Dur i ng t h e  1 9 7 6- 1 9 8 0  p e r iod , c ons id e rab le controve rsy d e ve l oped 
around the app l i ca t ion of  Se ct ion 3 0 7  cons i s te n cy provi s ions . Some 
s ta tes ( not ab ly C a l i fo r n i a )  h ave a s s e rt ed t h a t  s uc h  a c t i v i t ies a s  
OC S t r a c t  s e l e ct ion , l e a s e  s t i p u l a t ions , a nd l e a s e  s a l e s  are  f e d ­
e ral act iv i t i es " d i r ec t l y  a f fe c t i ng "  t h e  coa s tal z one a nd t h e refore 
f a l l  w i th i n  the cove r age of  the fede r a l  cons i s tency prov i s ions i n  
Sect ion 3 0 7  ( c )  ( 1 ) . I n  e f fe c t , t h e s e  coa s t a l  s ta te s  c o n t e nd t h a t  
DO I mu s t  agree to al l OC S tra c t  se l e ct i on a nd l e a s e  s t ipu l a t ions  
recomme nd ed b y  them . DO l ma i nt a i ns t h a t  pr e- l e a s e  OC S a c t iv i t i e s  
d o  n o t  d i re c tl y  a f fe c t  t h e  coa s t a l  zone . 

A s e r ious co n s i s tency con trove rsy s ur faced be twe en the S t a t e  of  
Ca l i forn ia and DO I reg ard ing OCS Le a s e  Sal e # 4 8 ,  wh e re tracts 
o f f s hore of  so u th e rn Ca l i forn ia we re l e ased . A con trov e rsy a l s o 
e x i s ted be fore Sal e # 4 8 betwe e n  DO I and t h e  De par tme n t  o f  Comme rc e 
as to wh e ther s u c h  pr e- l e a s e  ac t iv i t i es a s  trac t s e l ec t ion or l ea s e  
s t ip u l a t ions we re cove r ed b y  f e d e r a l  cons i s tency prov i s i on s . On 
De cembe r 5 ,  1 9 7 8 ,  the Ca l i forn ia Co astal  Comm i ss ion wrote to the 
Pre s ident , reque s t i ng that the i ss ue be s e t t l ed be fore OC S Le a s e  
S a l e  # 4 8 .  A De partment  of  Ju s t ice l eg a l  o p i n ion on the s u b j e c t  wa s 
i s s ued Apr i l  2 0 ,  1 9 7 9 ,  s a y i ng tha t Se c t io n  3 0 7 ( c )  ( 1 )  was appl i ­
c ab l e  to DO l ' s  pre- l ea s e  s a l e  a c t iv i t i e s , b u t  o n l y  i f  those ac­
t i v i t i e s  " d i re c t l y  a f f e c ted " the coas ta l zon e . I n  May 1 9 7 9 ,  DO I  
not i f ied the S t a t e  o f  Ca l i f o rn i a  that none o f  i t s pre- s a l e  ac t i v i­
t ie s  i n  regard to Sal e # 4 8 h ad a d i rec t e f f e c t  on t h e  Ca l i forn i a  
coa s t . Ca l i fo r n i a  d i sag reed and reque s ted med i a t ion o f  t h e  d i spute 
by the Secre tary o f  Commerce a s  prov ided f o r  by Sec t io n  3 0 7  ( h )  o f  
the C Z MA . A p ub l i c  med i a t ion h e a r i ng wa s h e l d  i n  Lo ng Be ac h , 
Ca l i forn i a , on Sept embe r 7 ,  1 9 7 9 ,  fo l l owed by a pr i v a t e  con f e rence 
on Oc tober 1 9 , 1 9 7 9 . Th e me d i a t ion proc e s s  was u n s u c c e s s f u l , b u t  
the s a l e  wa s even t u a l ly h e l d . 4 7  

As a r es u l t  of  the controve rsy i n  l e a s e  s a l e  No . 4 8  conce rn i ng 
s ta te cons i s tency rev i ew , AP I a nd Wes t e r n  O i l  a nd G a s  A s so c i a t ion 
propos ed ame nd me n t s  to the Congress in 1 9 7 8 - 1 9 8 0 .  The propos a l  
req ues ted t h a t  S e c t ion 3 0 7  ( c ) ( 3 )  o f  the C Z MA b e  ame nd e d  t o  apply 
only to a c t i v i t i e s  cond u c t ed in  the  coas t a l  zone . B u t  Congres s 
f e l t  i t  h ad ad d re s s ed t h e  cons i s tency i s s ue i n  i t s 1 9 7 6  ame ndme n t s  
to t h e  C Z MA a nd t h a t  i nd u s try was unab le to prove t h a t  cons i s tency 
c e rt i f ica t ions h ad de l ayed or d i srupted OCS a c t iv i t i e s . 

Cong r e s s  pas sed t h e  Coa s ta l  Zone Manageme n t  I mproveme n t  Ac t of  
19 8 0  a f te r a s e r i es of  ove rs i gh t he a r i ng s . Cons i s te n cy prov i s ions  
we re not ch ang ed . The new act  merely c la r i f i ed a nd e x panded t h e  
po l i cy s e ct ion o f  t h e  s ta t ut e  ( Se ct i on 3 0 3 ) ;  prov i d e d  f o r  ad d i ­
t ional grants to s ta tes for resource ma nageme n t ,  a nd f o r  urban 
wa t e r fron t and po rt i mproveme n t  ( Se c t ion 3 0 6  A ) ; e n c o uraged th e 
s t ates to i nv e n to ry a nd de s i g n a t e  " c oas t al resou r c e s  o f  n a t ional 
s i gn i f icanc e " ; a nd a u t ho r i z ed appropr i a t ions t hrough S ep t emb e r  3 0 , 
1 9 8 8 , for mos t  g ra n t s . 
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On May 2 8 ,  1 9 8 1 , DOl h e l d  a l e a s e  s a l e  of  8 1  t r a c t s  o f f c e n t ral 
Cal i fo rn i a . A l aws u i t  to b lock the s a l e  wa s f i l ed b y  the  s ta t e  of  
Cal i fo r n i a  and a numb e r  o f  l ocal  gov e r nme n t s  a nd e nv i ronme n t al 
groups . Th e s ta t e  ch al l e nged the DOl pr opos a l  und e r  the c o n­
s i s tency prov i s ions o f  the C Z MA ,  N EPA , OC SLA , E n d a ng e red Spe c i es 
Act , and Mar i n e  Mamma l Prote c t ion Ac t .  The u . s .  D i s tr i c t  C o u r t  for 
the Ce n tral D i s t r i c t  of C a l i fo r n i a  g r a n t ed s umma ry j ud g me n t to 
Ca l i forn i a  on i t s  c la i m  t h a t  the lease s a l e  wo u l d  d i re c t l y  a f fect 
t he s ta te ' s  c o a s t al z one , a nd t h a t  therefore und e r  the  C Z MA there  
wou l d  have to  b e  a d e te rm i n a t ion that the fede r a l  propos a l  b e  con­
s i s tent w i th the s ta t e ' s  C Z M program . The  Cou r t  ru l e d  ag a i ns t  
Cal i forn i a  o n  i t s  c l a im that the s a l e  v io la t e d  N E PA , OCS LA , th e 
E nd a ng e r ed Spe c i es Ac t ,  a nd the Marine  Mammal P ro t e c t i o n  Ac t .  Both 
the s ta te a nd DO l h a ve appe a l ed the d e c i s ion . Pe n d i ng the  ou tcome 
o f  these  appe al s ,  DO l h a s  d e c id ed to d e l ay i ts d e c i s io n  to hold a 
l e a s e  s a l e  i n  four nor t he r n  Ca l i forn i a  areas  un t i l  a t . l e a s t  1 9 8 3 .  

In s umma ry , the  C ZM A  h a s  the e f fec t o f  prov id i ng c o a s t a l  s ta te s  
w i th v i r t u a l  ve to powe r o v e r  f e d e r a l l y  l ic e n sed o r  perm i t te d  a c ­
t i v i t i e s  o n  t h e  OC S .  The ve to appl i e s  i f , i n  the  op i n ion o f  t h e  
coastal  s t a te , f ed e r al l y  approved ac t iv i t i e s  w i l l  n o t  be c a r r ied 
out i n  a man n e r  con s i s te n t  with the f ed e r a l l y  approved C Z M  p rog ram 
in tha t s t a te . Th e C Z MA a nd i t s  r eg u l a t ions e n a b l e  c o a s t a l  s t a te s  
wi th approved C Z M  p l a n s  to d e l ay and , i n  some i n s tance s , to proh i ­
b i t  t h e  i s s ua n c e  o f  f ed e ra l  pe rm i ts , i nc l ud i ng tho s e  needed  und e r  
OC S o i l  e x plora t ion and prod u c t ion plans . Th i s  proc e s s  h a s  r e ­
s ul ted in  some l e ng thy d e l ays i n  o f f shore d ev e l opme n t , a n d  r e c e n t l y  
re s u l ted i n  t h e  s toppage o f  OC S Sale  No . 5 3 ,  o f f shore c e n t r a l  
Cal i fo r n i a . 

Th e f e d e ral con s i s tency prov i s ions o f  C Z MA s eem to be unnec­
e s s ary . Ad equa te proc e d ure s  for cons ider i ng s ta te c omme n t s  and 
r ecomme nd a t io n s  a l r e ad y  e x i s t . Th e OC S LA ,  as  amend ed , requ i r e s  the  
Secre tary o f  the  Inter ior to accept a s t a t e ' s  r e c omme nd a t io n s  as  to 
t he s i z e , t im ing , a nd loc a t i on of l ease s a l e s , and  a s  to d e v e l op­
men t  and prod uc t ion p l an s , i f  the  Secre tary d e termi ne s t h a t  they 
prov i d e  fo r a r e a so nab l e  b a l ance be twe en the  n a t i o n a l  i n te r e s t  a nd 
the we l l-be i ng o f  c i t i ze n s  o f  the a f f e c te d  s ta t e s . 

V .  Mar ine Sanc tuar i e s  Program 

The Mar ine Sanc t uar i e s  Prog r am wa s e s tabl i shed by Ti tl e I I I  o f  
the  Ma r i ne Pro te c t io n , Re s e a rch and Sanc tua r i e s  Ac t o f  1 9 7 2 . 
Although only four p ag e s  i n  l e ng t h , the  po te n t i a l  impac t o f  th i s  
p rog ram h a s  s t i r r ed con s id er ab l e  con trov e r sy ove r the pa s t  s e v e r a l  
ye ar s . The l e g i s l a t ive h i s to ry i nd i c a te s t h a t the  i n te n t  wa s t o  
prov id e a sc heme fo r mul t i p l e  use s o f  mar ine r e so u r c e s  wh i l e  
prov id i ng pro t e c t ion for spec i f i c mar ine e nv i ronme n t s . The Ac t 
a utho r i ze s  the Se c r e tary o f  Comme rce ( w i th Pr e s i d e n t i a l  and Co n­
g re s s iona l  approva l )  to d e s ignate areas  of t h e  ocean and c e r ta i n  
other wa t e r s  a s  mar i n e  s a n c t ua r i e s  for the p ur po s e  o f  " pr e se rv ing 
or re s tor i ng s uc h  areas  for the i r  con s e rva t ion , r e c re a t io na l , e c o­
l og i c a l , o r  e s the t i c  v a l ue s . "  The y  may be d e s i g n a te d  o u twa rd to 
the edge  of the OC S and a l so in the Gre a t  Lake s a nd the i r  a s s o­
c ia ted wa t e r s . The Secre tary o f  Comme rce i s  empowe red to i s s ue 
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" ne c e s s a ry and rea son able  reg ula t ion s "  to con trol ac t i v i t i e s  w i t h in 
the sanc tuary t hroug h the g u id ance o f  NOAA . 

NOAA p ub l i s hed d r a f t  s i te - s e l e c t ion c r i te r i a and as a r e s u l t 
ove r 1 7 0  nomina t ions we re rece ived by February 1 9 7 8 .  The s e  wer e  
red uced t o  approx im a te l y  1 0 0  f o r  f ur ther cons i d e r a t ion . 

Re v i sed reg u l a t ions f o r  c l a r i f i c a t i o n  o f  t h e  po l i c i e s  and 
ob j e c t ive s of  the prog r am we re i s s ued i n  July of  1 9 7 9 .  The s e  
reg ul a t ions inc l ud ed the c r i te r ia and proc ed u r e s  f o r  nom i n a t i ng , 
eva l u a t ing , and d e s igna t i ng areas  a s  sanc tuar ie s .  

I f  the l i s ted a r e a s  me e t  one or mo re of  the fo l l owi ng key 
c r i te r i a , further cons iderat ion i s  g i ve n . 

• Th e area con ta i ns important  h ab i ta t s  o n  wh i ch rare , 
e nd a ng e r ed , t h r e a te ned , o r  val uab le spe c i es d epend . 

• The area cont a i ns a ma r i n e  e cos ys tem o f  e x c e p t ional 
prod uct ivi ty . 

• The area prov i d e s  except ional r e c r e a t ional  oppo r t un i ty a n d  
va l ue s . 

• The area conta i ns h i s to r i c  or c u l t u r a l  a rt i f a c t s  o f  
w i d e spre ad p ub l ic i n teres t .  

• Th e are a con t a i n s  d i s t i n ct i ve o r  frag i l e e co l og i c a l  o r  
geolog i c  f e a tu r e s  of  e x c ep t ional s c i e n t i f ic re s e a rch or 
educat ional v a l ue . 

The next s t ep i s  to s e l e c t  " a ct ive c a nd i d a te s '' from th i s  l i s t  for 
further  eval ua t ion . The c r i t e r i a  fo r s e l e ct i ng a c t ive c a nd i d a t e s  
a r e  more d e f i n i t i ve . 

• The seve r i ty a nd imminence of  e x i s t i ng o r  pote n t i a l  t h r e a t s  
t o  the reso u r ce s , i nc l ud i ng t h e  cumul a t ive e f fe c t  o f  v a r io u s  
h uman a c t i v i t i e s  that  i nd i v i d u al l y  m a y  b e  i ns i gn i f i c a n t  

• The ab i l i ty o f  e x i s t i ng r e g u l a tory me ch a n i sms t o  prote c t  t h e  
va l ue s  of  t h e  a re a ' s  resou r c e s  a nd t h e  l i ke l i hood t h a t  
s u f f i c i e n t  e f fo r t  w i l l  be d evoted to a c c omp l i s h i ng those  
ob j e ct ives w i t ho u t  c r e a t i ng a s a n c t u a ry 

• The es the t ic q ua l i t i es o f  the a re a  

• The type a nd e s t ima ted econom ic va l ue of  t h e  n a t u r a l  
r e sour c e s  and h uman u s e s  i n  the a re a  t h a t  m a y  b e  foregone 
if a sanctuary we re es tab l i s hed 

• The ec onom i c  b e ne f i ts to be de r ived f rom prote c t i ng o r  
e nhanc i ng the r e sources w i t h i n  the propo s e d  s a n c t ua ry a re a . 
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S i x mar i n e  san c t ua r i e s  h ave a l re ad y  b e e n  d e s i g n a t e d : 

• The Mon i tor N a t i o n a l  Ma r i ne S an c t ua ry wa s d e s i gnated t o  
prot e c t  t h e  C iv i l  Wa r i ronc lad , t h e  u .s.s. Mon i tor . T h e  
s a n c t uary i s  on e m i le i n  d i ame t e r  and i s  l o c a t e d  sou th e a s t 
o f  C ape H a t te ra s , N . C .  I t  wa s e s tab l i s hed i n  J a n u a ry 1 9 7 5 .  

• The K ey L a rg o  Cora l Ree f  N a t ional Mar i ne S an c t uary wa s 
e s t ab l i s h ed i n  De c emb e r  1 9 7 5 to prov i d e  ma n ag emen t  and 
e nf o r ceme n t  fo r the prot e c t ion of a 1 0 0- s qua r e-m i l e  coral 
re e f  area south of M i ami . 

• Channel  I s l and s N a t i onal  Mar i ne S a n c t ua ry , o f f  the coa s t  o f  
Cal i forn i a  and ad j a c e n t  to the no r th e r n  Channe l I s l and s and 
Santa Ba rbara I s l and , cons i s t s  of 1 , 2 5 2 s qu a r e  mi l e s  and wa s 
d e s igna ted i n  Septembe r 1 9 8 0 .  I t s  p ur po se i s  to p ro te c t  
va l u able hab i tats fo r ma r i n e  mamma l s  a n d  s e a  b i rd s . 

• Looe Key N a t ional  Mar i ne S an c t u a ry , d e s ign a t ed i n  J a nu a ry 
1 9 8 1 , cons i s t s  o f  f i ve squa r e  m i l e s  o f  a s ub me rged re e f  
sou t hwes t o f  B i g P i ne Key , F l o r id a . 

• Gray ' s  Re e f  N a t ional  Mar i ne S an c t u a ry i s  a 1 7 - squa r e-m i l e  
l i ve b ot tom a re a  e a s t  o f  Sape l o  I s la nd , Geo rg i a . Th i s  i s  
c o ns id e r ed t o  b e  a v e ry prod uct ive a nd u n u s ua l  h ab i t a t . I t  
was des i gn a t ed i n  Ja nua ry 1 9 8 1 . 

• The P o i n t  Reye s- F aral l on I s l ands  N a t i o n a l  Ma r i ne S a n c t u a ry , 
a l s o  de s i g n a t ed i n  J a nu a ry 1 9 8 1 , i s  9 4 8  s q u a r e  m i l e s  o f f­
s hore o f  S a n  F ran c i sco , C a l i forni a .  I t  conta i ns a d i ve rs e  
a rray o f  mar i ne mamma l s  and b i rd s . 

Th e r e  are  seven ot h e r  c a nd i d a tes i n  va r i o u s  s tag e s  o f  eva l ua­
t io n  for pos s ib l e ma r i ne sanc tua ry d e s igna t ion : 

• F l owe r Ga rden Ba nks i n  the Gul f o f  Me x i co 

• Mont e rey B ay , o f f s ho re C a l i forn i a  

• Wa te rs southwe s t  o f  S t . Thoma s , Vi rg i n  I s la n d s  

• Wa t e rs a ro u nd Mona a nd Mon i t a  I s la nd s , P ue r to R ico 

• Wa t e rs a round C u l eb ra a nd C u l eb r i to I s la n d s , P ue r to R ic o  

• Na n t u cke t Sound , o f f s hore Ma s s achu s e tts  

• Wa t e rs o f f M a u i , Hawa i i .  

Wh e n  an a ct i ve ca nd i d a t e  h a s  b e e n  s e l e c t ed , a n  i s s ue paper i s  
deve l oped t h a t  a n a l y z e s  the a re a ' s  un iq ue f e a tu r e s  a nd pos s ib le 
b oundary a nd reg u la to ry a lt e r na t i ve s . P ub l i c  workshops a re h e l d  to 
d i sc u s s  the i nfo rma t io n  revi ewed i n  the i s s ue pape r a nd to so l i c i t  
pub l ic opi n ions o n  the  e s t ab l i s hmen t of the s a n c t uary . I f  r e v i ew 
wa r r a n t s  proceed i ng ,  a DE I S  i s  prepa red t h a t  anal y z e s  al l f a c e t s  o f  
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the e nv i ronme n t  b e i ng cons ide red a nd reg u l a to ry opt ions th a t  a re 
ava i l ab le .  Pub l i c  h e a r i ng s  are held t o  comme nt on the DE I S . 

Whe n  a m a r i n e  s a n c t u a ry i s  recomme nd ed f o r  approva l ,  t h e  FE I S , 
with  i nput from oth e r  federal agen c i e s , i s  t ra n smi t t ed to the 
Pres id e n t . The s a nctua ry d e s ignat ion b e c ome s e f fe c t ive a f t e r  
P re s i de nt i al approva l .  Two a c t ions can b lo ck t h i s  approva l :  

• I f  a s a n c t ua ry i nc l ud e s  s ta t e  wa t e rs a nd i s  d e eme d un­
ac cep t ab le b y  t h e  Gove rnor , t h e  Gove rnor may nu l l i fy the 
d e s i g n a t ion of al l or pa r t  o f  the s t a te wa t e r s  o r  c e r t a i n  
t e rms or reg u l a t ions a f f ec t i ng t h e  s ta te wa t e r s . 

• Bo t h  Hou se s o f  Co ng re s s  may ad op t a concurr e n t  re so l u t i on 
tha t d i s approve s  the d e s i g n a t ion o r  any o f  i t s t e rms . 
Th i s  two-ho u s e  Cong r e s s iona l ve to prov i s ion wa s add ed a s  a n  
amendme n t  to Ti tl e I I I  wh en t h e  prog ram w a s  r e a u t ho r i ze d  for 
f i sc a l  ye a r  1 9 8 1 .  

Th e or i g i n a l  t h ru s t  of  the program wa s to e s t ab l i s h  smal l ,  d i s ­
c re te a reas . Howeve r ,  emphas i s  wa s l a te r  p l a c ed o n  the proh ib i t ion 
or s evere r e s tr i ct ion o f  pe t ro l eum a c t iv i ty i n  l a rg e  a re a s . The 
proposed Georg e s  B a nk M a r i n e  Sanctuary e ncompa s s e s  appr o x i m a t e l y  
2 0 , 0 0 0  s q u a r e  m i l e s ; the Santa  Barbara Cha nne l I s la n d s  Ma r i ne Sanc­
tuary , 1 , 2 5 2  square m i l e s ;  a nd t he propos ed F l ow e r  G a rd e ns Ma r i ne 
Sanctua ry , appro x ima t e ly 2 7 6  square m i l e s  ( to prot e c t  1 4  square 
miles  o f  c o ral ree f i n  the G u l f  of Me x i c o ) .  

Two areas , one propo sed and one al ready d e s ig na te d  a s  a s an c t u­
ary , h ave h i gh e n e rg y  po ten t i a l : the propos e d  F l o we r  Gard e n s  Bank s 
a nd the d e s ig nated Sa n ta Barbara Channel  I s l and s . Reg u l a t i o n s  
as soc i a te d  wi t h  a d e s i g n a t ion wo uld proh i b i t  a l l  f u t ur e  o i l  and g a s  
ope r a t ions  o n  un so ld l e a se trac ts i n  tha t  a re a . In the Sa n t a  
Barb ara Channe l I s l an d s  c a s e , howeve r ,  NOAA h a s  r e s pond e d  to s ha rp 
c r i t i c i sm and h a s  s uspe nd e d  the o i l  and g a s  proh i b i t i o n  un t i l  a 
reg u l a to ry ana lys i s  c a n  be pre pared . Oth e r  a r e a s  w i t h  po ten t i a l l y  
l arge amoun t s  o f  o i l  and g a s , e spe c i a l ly v a s t  a r e a s  o f  o f f shore 
Alaska ( 2 0 0 , 0 0 0  square m i le s ) ,  h ave been o r  w i l l  be propo s ed a s  
s anc t uar i e s . 

In mos t  c a se s , NOAA h a s  not j us t i f ie d  i t s  c a te g o r i c a l  e x c l u­
s ions o f  energy d evelopme n t  i n  va s t  ocean area s . I nd ee d , g iv e n  th e 
e nv i ro nme n tal ly s a f e  manner i n  wh i c h  o i l  and g a s  a c t iv i t i e s  a r e  
cond ucted und e r  prog r ams adm i n i s tered b y  o t h e r  agenc i e s  o f  t h e  
federal  governme n t , a c t ions e x c l ud ing e n e r g y  d ev e l opme n t  i n  s u c h  
areas s e em unj u s t i f ied . 

Through 1 9 8 0 ,  more t h a n  2 5 , 0 0 0  wel l s  h ad b e e n  d r i l l ed i n  U . S .  
wa te r s , 4 8  ye t there  h a s  b e e n  only o ne o f f shore p l a t form a c c i d e n t  
t h a t  re s u l ted i n  s ig n i f i c an t  quan t i t ie s  o f  o i l  r e a c h i ng ne arby 
sho re s  - - the acc i d e n t  i n  the Santa Barbara Ch a nn e l  i n  1 9 6 9 .  Bo th 
gover nme n t  and pr ivate  sc i en t i f i c i nve s t i g a to r s  r e po r t  t h a t  t h er e  
i s  n o  ev idence  tha t pe rmane n t  d amag e r e s u l ted f rom tha t o i l  sp i l l  
and that  the are a h a s  r e covered from a ny t emporary d amag e ( s e e  
Chapter S i x ) . 
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In the northe r n  Gu l f  o f  Me x i co , the mos t  e x p l o red o f f s h o re 
geolog i c  pro v i n c e  i n  t h e  wor l d , no s ig n i f i c a n t  ad ve r s e  e nv i ro n ­
mental e f fe c ts have b e e n  repo r ted . In f ac t ,  a l thoug h l arge- s c a l e  
d r i l l i ng and prod uc t io n  oper a t ion s in  t h e  are a b e g an s ome 3 0  year s 
ago , t h e  f i sh c a tc h  i n  the Gu l f  has  tr ipl ed . The Na t i o n a l  Ma r in e  
F i s h e r i e s  Serv i c e  r e por ted t h a t  i n  1 9 5 0  t h e  c omme rc i a l  f i s h  c a tc h  
i n  t h e  Gu l f  o f  Me x i c o  amoun ted t o  some 5 7 1 m i l l ion po und s a nd wa s 
va l ued a t  $ 5 0 . 4  m i l l ion . In 1 9 8 0 ,  t h e  n e a r l y  2 -b i l l io n-po und 
comme r c i a l  f i s h c a tc h  in the Gul f of Mex i c o  was v a l ued a t  $ 4 8 2  
m i l l ion . 4 9  

The i nc re a s e  i n  t h e  ca t ch i s  n o t , o f  c o u rs e , a t t r ib u t ab l e 
e x c l u s iv e l y  to pe t ro le u m  ope rat ions . Ra th e r ,  n ew f i s h i ng t echnol­
ogy , a n  improved f i s h i ng f le e t , and the t ak i ng of  l a rg e  q ua n t i t i e s  
o f  me nhad e n  ( a  f i s h  fo rme rly c ons id e red noncomme rc i al ) a c c ou n t  fo r 
the marked r i se i n  tonnage . Howeve r ,  the i nc r e a s e  d o e s  s how t h a t  
pe troleum ope r a t ions are  compa t ib le w i th c omme r c i al a nd r e c rea­
t io n a l  f i s h i ng . I n  fa c t , the more than 3 , 0 0 0  p l a t f o rms i n  t h e  G u l f 
of  Me x ic o  h ave prov i d ed found a t ions fo r the g rowt h o f  s e a  pl a n t s  
a nd i nve rteb ra t e s , c on tr ib u t i ng to t h e  f i rs t  s t ep i n  th e mar i ne 
food cha i n .  Ab ou t a d o z e n  or mo re spe c i e s o f  f i s h  ( v i r t ua l ly un­
known in the a r e a  b e fore d r i l l i ng ope r a t ions b egan t h e r e ) c a n  now 
be found n e a r  the pl a t forms . 

AIR 

I .  Ove rv i ew of Explora t i on and Prod u c t ion Requ i reme n t s  U nd e r  
T h e  C l e an A i r  Ac t 

The gene r a l  prov i s ions of  the C l ean Ai r A c t  a r e  d i s cu s s ed i n  
d e t a i l  i n  C h ap t e r  One of  t h i s  report . T h e  spe c i f i c proced u r e s  
f o r  pre-cons t r u c t ion rev i ew o f  ma j o r  o i l a nd g a s  f a c i l i t i e s  a re 
depe nd e nt upo n  the a t t a i nme n t  s ta tus of  the Na t ional Amb i e n t  A i r  
Qua l i ty S t a ndards ( NAAQS ) for e a ch po l l u ta n t  t o  b e  e m i t t e d  i n  
s ig n i f i c a n t  qua n t i ty b y  the fac i l i ty .  Re c e n t  s tu d i e s  h ave i nd i c a ted 
that  the pre-cons t r u c t ion rev i ew proc e s s  c o u l d  be s imp l i f i ed ,  
thereb y  al l ow i ng s ig n i f i c a n t  cos t a nd t ime s av i ng s  a nd improv i ng 
the e f f i c i e n c y  a nd c e r t a i n ty of  i nd u s t r i a l  p lann i ng a nd d e ve l op­
me n t . 5 0  I n  the case of the o i l  a nd ga s i nd u s t r i e s , t h e  prob lems 
of d e lay and unc e r t a i n ty ( a nd i n  some c a se s ,  pro j e c t  ab a nd onme n t  or 
proj e c t  rede s ig n ) tha t h ave been encou n t e r ed b y  i nd i v id ua l  c ompa­
n i es s e e k i ng to e x pa nd or cons t ruct new fac i l i t i e s  s i nce pas s ag e  o f  
t h e  1 9 7 7  C l e a n  A i r  Ac t Ame nd me n t s  are expe c t ed t o  e s c a l a te a s  e f­
forts to d e v e l op a n d  produce d ome s t i c  e n e rg y  r e s o u r c e s  i n te ns i fy 
i n  the decade of  the 1 9 8 0 ' s .  

A .  E f fe c t s  o f  Prevent ion o f  S i g n i f i c a n t  De te r i ora t ion and 
Nona t t a i nme n t  Req u i reme nts on O i l  and Gas E xp l o r a t ion 
a nd Deve lopme n t  

New a nd mod i f i ed f ac i l i t ie s  i nvol ved i n  eve ry phase  o f  t h e  o i l  
a nd g a s  i nd u s tr i e s , from explora t ion t o  f i na l  u s e , a re s ub j e c t  to 
the comp l e x  s e t  of  Prevent ion of S ig n i f ic a n t  De t e r iora t io n  ( PS D ) 
and/or non a t ta i nme n t  r eg u lat ions , d e pend i ng upon t he i r  geogr aph i c  
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loca t i on . Such rev i ew i s  appl i cab le to e ach po l l u t ant em i t t ed b y  a 
new source ( i n mos t c a s e s , s e ver a l  po l l u t a n t s  a r e  i n vo l ved ) . S l  

C a s e s  o f  prod u ct ion los s e s  a t t r ib u t ab l e t o  PSD a nd nona t t a i n­
me n t  have b e e n  docume n t ed . At the We s t  Ha s t i ng s  f i e l d  i n  Te xa s ,  
prod u c t ion o f  4 thou s a nd barre l s  pe r d ay ( MB/D ) o f  o i l  h a s  b e e n  
d e l ayed b y  Te x a s  A i r  Control Board a nd EPA res t r i c t ions o n  the u s e  
of  gas- l i f t  compr e s so rs . I n  No rth Dakot a , r e s t r i c t ions o n  g a s  
f l a r i ng h ave hal t ed produc t ion of  1 . 4 MB/D a t  K i l l d e e r  F i el d . A t  
USA# l - a , i n  P e r ry Coun ty , Mi s s i s s ipp i , a f i ve-mo n t h  d e l ay w a s  im­
po sed by s tate  ag e n cy r eq u i reme nts t h a t  a new pe rm i t  b e  ob t a i ned 
for a new o i l  we l l  only 50 fee t from anothe r we l l  tha t wa s ab a n­
do ned due to control prob lems . L i m i t s  on H2 S em i s s i ons a t  the 
Ute Dome n a t ural gas f i e ld i n  New Me x ico h a ve c ur t a i le d  prod u c ­
t ion of 3 9  m i l l i o n  c ub i c  f e e t  of  g a s  pe r day . 5 2  I n  the c a s e  of  
Exxon ' s  Santa Yne z ( a  f l oa t i ng o f f s hore s torage and t re a t i ng fa­
c i l i ty w i th ta nk e r  load i ng s  of f the C a l i fo rn i a  coa s t ) , i n i t i a l  E I S  
f i n d i ng s  s howed t h e r e  wou ld b e  no s i g n i f i c a n t  a i r  q ua l i ty impa c t s . 
EPA l a t e r  not i f ied E x xon that an a i r  q ua l i ty pe rm i t wou l d  b e  
req u i red ( the f i rs t  t ime EPA e x tended j u r i s d i ct i o n  ove r OCS a i r  
em i s s ions ) and a f te r  e x t e ns ive l i t ig a t i o n  a nd t h e  appl i c a t io n  of  
ad d i t ional  em i s s ion con tro l s , Exxon was pe rm i t t ed to proce e d  w i th 
de ve l opme nt of th i s  $ 3 8 0  m i l l i on f a c i l i ty .  O i l  prod u c t i o n  o f  up to 
4 0  MB/D w a s  f i n a l ly i n i t i a ted in Apr i l  1 9 8 1  a f t e r  a s e v e n  ye ar 
d e l ay .  Th i s  c a s e  i s  d i s cu s s ed in mor e  d e ta i l  in Chapte r Seven . 

She l l  O i l  Compa n y ' s  $ 4 0 0  m i l l io n  BETA Pro j e c t  l o c a t e d  n i ne 
m i l e s  o f f shore southe r n  C a l i fo r n i a  e ncounte red s im i l ar a i r  per­
mi t t i ng r e l a ted d e l ays . An a i r pe rm i t wa s i s s u e d  by t h e  So u t h  
Co a s t  A i r  Qu al i ty Ma nag eme n t  Di s tr i c t  a u t ho r i z i ng construc t io n  o f  
t h e  n e c e s s ary onshore fac i l i t ie s . S i nc e  t h i s  p e rm i t wa s i s s ue d  
prior to the OC S LA a i r reg u l a t ion s , d e sc r i bed b e l ow ,  a con trove r s y  
a r o s e  o v e r  the o f fs hore pro j ec t ' s  impac t  o n  on shore a i r  q ua l i ty . 
Ra ther than pro l ong d e bate on the i s s ue , Sh e l l  vol un t e e r e d  to 
und er take f ur t h e r  emi s s ion red u c t ions and o f f s e t s , e v e n  thoug h 
s tud i e s  d emon s t r a ted em i s s ions from the o f f sho re proj e c t  d id n o t  
s ig n i f i c an tly impac t  onshore a i r q u a l i ty .  The o f f s e ts had to b e  
obta ined from a s  f a r  away a s  Ve n tu r a  Cou n ty , appr o x ima te l y  8 8  m i l e s  
f rom t h e  BETA Pro j e c t . 

Th e 1 9 7 8  OCS LA Ame ndme n t s  g ive DO l r e s pons i b i l i ty for r e g u l a­
t io n  of  OC S a i r  em i s s ions . On May 1 0 ,  1 9 7 9 ,  DO l ' s  USGS p ropo sed 
a i r  emi ss i o n  r e g u l a t ions . The se proposed r ul e s  we re the s ub j e c t  o f  
con s i d e r ab l e  con trove rsy and r e s u l ted i n  c omme n t s  f rom s t a te and 
local  governme n t s , o i l  prod ucer s ,  a nd o t h e r  i n t e r e s ted par t ie s . 
Af t e r  rev i e w i ng the comme n t s , USGS p ub l i shed f i n a l  reg u l at io n s  o n  
March 7 ,  1 9 8 0 .  On the s ame d a te , USGS p ub l i sh e d  d r a f t  a i r q ua l i t y  
r eg ul a t ions appl i c a b l e  only t o  OCS a c t iv i t i e s  o f f shore C a l i fo r n i a . 

Th e reg ul a t io n s  req u i re tha t e ach propo sed OCS f a c i l i ty b e  r e ­
v ie wed on an i nd i v i d u a l  bas i s  to d e termine  i t s  i n d i v i d u a l  o n s h o r e  
a ir qual i ty impa c t s , a nd rev i ewed i n  c on j u n c t i o n  w i th o t h e r  n e arby 
OC S fac i l i t ie s  to pred i c t  c um u l a t ive onshore impac t s . A n ew , mod i ­
f ie d , o r  rev i sed expl ora t i o n  pl an or d e v e l opmen t  and prod uc t io n  
p l a n  may be ex empt f rom f ur t h e r  a i r  q ua l i ty r e v i ew i f  pro j e c te d  
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emi ss ions  are  d e t e rm i n ed to be l e s s  than or equa l to em i s s i o n  
exemp t ion amo un t s  c a l c ul a t e d  f o r  the f ac i l i ty . 

For a fac i l i ty tha t i s  d e termi ned no t to be e x emp t , t h e  l e s s e e  
i s  req u i red t o  u s e  an approved a i r  qua l i ty mod e l  to d e te rm i ne 
whe ther the pro j e c ted emi s s ions o f  those a i r  pol l u t a n t s  f rom the 
f ac i l i ty r e s ul t i n  an onsho re amb i e n t  a i r conc e n t r a t i o n  above the 
s ign i f i c a n c e  l eve l s  as d e f in ed by USGS . Pro j e c t e d  emi s s ions  o f  
vol a t i l e  o rg a n i c  compo u nd s { VOC ) { th a t  are  not e x emp t ) and pro­
j ec ted emi s s ions of a ny a i r pol l u t an t , wh i ch w i l l  r e s u l t  i n  a n  
onshore amb i e n t  a i r  conce n tr a t i o n  above the s ig n i f i c ance l ev e l , a re 
d e emed to s ig n i f i c an t l y  a f f e c t  the a i r  q ua l i ty o f  t h e  o n s hore a re a 
for tha t po l lu t an t . 

Proj e c ted em i s s ions  o f  any po l l u ta n t ,  o ther than VOC , t h a t  w i l l  
s ig n i f i c a n t l y  a f fe c t  a nona t ta i nmen t  are a mu s t  b e  f ul ly red uced 
t hrough the appl i c a t io n  of  Be s t  Av a i l ab l e  Con tro l Te c h no l og y  { BAC T )  
{ under OC S reg u l a t ion s ) and , i f  neces s a ry , thro u g h  t h e  appl ic a t io n  
o f  add i t ional em i s s i o n  contro l s  or acqu i s i t ion o f  o f f shore o r  
onshore of f se t s . On ly BAC T  need s t o  b e  appl ied i f  t h e  a r e a  t o  be 
s ig n i f i c an t l y  a f f e c ted is an a t t a inmen t  or uncl a s s i f i a b l e  a r e a . 
Howeve r ,  t h e  l e s se e  mus t u s e  an approved mod e l  to d e termine whe ther 
the em i s s i on s  o f  total  s us pe nd ed pa r t i c ul ate s { T S P ) o r  S 02 t h a t  
r ema i n  a f te r  t h e  appl i c a t io n  o f  BAC T c a u s e  t h e  max imum a l l owabl e 
i nc re a s e s  ove r  the base l i ne conc e n t r a t ions  to be e x ceed ed . I f  the 
max imum a l l owab l e  i nc r e a se s are e x c e eded , add i t io n a l  emi s s ion 
control s  mus t be appl i ed . 

Th us , the OC S r ul e s  impo s e  much s t r i c te r  requi reme n ts than 
s ta ted i n  the OC S LA Ame ndmen t s , wh i c h  r equ i r e  " • . . c ompl iance w i t h  
t he n a t ional amb i e n t  a i r  qua l i ty s tand ards  pur s ua n t  t o  t h e  C l e a n  
A i r  Ac t . • .  t o  the e x te n t  that  a c t ivi t i e s  a ut hor i z e d  u nd e r  t h e  OC S LA 
s ig n i f i c antl y a f fe c t  the a i r  qua l i ty o f  any S t a t e . " 5 3  I n  
e s sence , t h e  USGS permi s s i b l e  l im i t s  o f  acceptable  a i r q ua l i ty 
impac t correspo nd to the P S D  C l a s s  I i nc reme n t  l ev e l s  r a the r than 
the NAAQS , The proposed s ig n i f i c ance l e ve l s  for Ca l i forn i a  are 
even s t r i c te r  than the PS D C l a s s  I i nc remen t s . In e s s e nc e , t he 
en t ir e  U . S .  c oa s tl i n e  i s  trea ted a s  a PS D Cl a s s  I a r e a  wi t h  r e g a rd 
to OC S ope r a t i o n s . 

Ex cerpts f r om rec e n t  DO I DE I S s  o n  OC S Sa l e  No . 6 8  { S o u th e r n  
Ca l i forn i a ) a n d  OC S Sal e No . 5 3  { Ce n tr a l  a n d  Nor t h e r n  Cal i f o rn i a ) 
i nd i c ate t h a t  the a i r  qua l i ty impa c t s  pr ed i c ted f rom OCS ope r a t ions 
are m i no r . 

• OCS S a l e  No . 6 8  pred i c ted impac t s : 

The pred i c ted max imum annual  average on shore co n­
cen tra t ions  for n i troge n  d io x i d e  { N02 ) ,  S 02 , a nd 
TS P re s u l t i ng from o f f s hore oper a t ions  w i l l  b e  we l l  
be low t h e  1 m i c rog ram per cub i c  m e t e r  l ev e l  con----­

s id ered s ign i f i c an t  by DO I .  

The pred i c te d  s hor t-term aver ag e s  are wi t h i n  DO l ' s  
a l l owa b l e  inc remen t s . 
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Ozone pr e c ur sors wi l l  n o t  b e  emi t te d  in  a propo r t io n  
f avor a b l e  f o r  forma t ion o f  pho toch e m i c a l  o x i d an t s . 

OC S Sal e No . 6 8  i s  no t e xpe c te d  to c a us e  any a ir 
q ua l i ty v io l a t i ons nor d e te r iorate a i r q u a l i ty to a 
d eg r e e  cons ide red s ig n i f i c a n t , nor to s ig n i f i c a n t l y  
a f f e c t  onshore v i s i b i l i ty o r  odo r  l eve l s . 

• OCS S a l e  No . 5 3  pred i c ted impa c t s : 

In  g e n e r a l , d eve l opmen t  wi l l  no t s ig n i f i c an tl y  d e­
g r ad e  onshore a i r  qual i ty .  Th e DO I i nc r emen t  o f  a i r  
qua l i ty d e te r io r a t i o n  con s id ered s ig n i f i c an t  c o u l d  be 
marg i n a l l y  e x ceeded i n  s e v e r a l  area s . B u t  t h i s  c o u l d  
be f ur th e r  m i t ig a ted i f  n e c e s s ary . ( I t sho u l d  b e  
s ta ted t h a t  the DE I S  analys i s  a s s ume s wor s t  c a s e  
cond i t io n s , i . e . , max imum em i s s io n  r a t e s  b y  a s s um i ng 
s im u l taneou s  ope r a t ion w i t h  t h e  lowe s t  d eg re e  o f  
em i s s io n  con t rol s ,  a nd a l l  OC S ope r a t io n s  l oc a te d  a t  
t h e  3 m i l e  l im i t . )  

OC S Sal e No . 5 3  a c t i v i t ie s  w i l l  proba b l y  no t c a u s e  
v i o l a t ions o f  s t a te or f e d e r a l  a i r  qua l i ty s tand ard s . 

A s ma l l d e g re e  o f  ad d i t io n a l  em i s s io n  control  f o r  
N 0 2 a n d  TS P wo uld pre ve n t  a ny pos s i b l e  v io l a t ion s 
o f  s tand a rd s  and wou l d  red u c e  po l l u ta n t s  b e l ow l ev e l s  
cons id ered s ig n i f i c a n t  b y  DO I .  

Based upo n  wor s t  c a s e  a s s ump t ion s , more s tr i ng e n t  
con trols  o f  reac t iv e  hyd rocarbon em i s s io n s  wo u l d  b e  
r eq u i r ed t o  pr event f ur t h e r  o x i d a n t  s ta nd ard 
v i ol a t io n s . 

OC S Sa l e  No . 5 3  a c t iv i t ie s  a r e  no t e x p e c t e d  to a f f e c t  
o n s hore v i s ib i l i ty or odo r  l e ve l s . 

I I .  Explor a t i on Ope r a t i ons 

The po ten t i a l  for a i r  pol l u t ion c a u se d  by t h e  e xp l o r a t ion for 
o il and gas is qu i te sma l l ,  pr imar i l y  b e c a u s e  of the sma l l  number 
of  r ig s  that u s ua l ly ope r a te i n  any g iven area at one t ime a nd b e ­
c ause mod e r n  d r i l l i ng oper a t ions d o  no t contr i b u te s ig n i f i c an tl y  to 
a i r pol l u t io n . 

Geophys i c a l  s urveys for o i l  and g a s  a l so d o  no t con t r i b u te 
s ig n i f i c antly to the a i r  po l l u t ion probl em ,  b e c a u s e  se i sm i c  oper­
a t ions requ ire a m i nor amo un t of ind uced energy and e x pl o s i ve s . 
Explorato ry c ore-d r i l l ing ope r a t i o n s  may em i t  sma l l  quan t i t i e s  o f  
con tam i n a n t s  i n t e rmi t te n t l y  i n to the a tmosph e r e . 
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I I I . Dr i l l i n g  Ope r a t ions 

A .  General  

A i r  emi s s ions  d ur i ng d r i l l i ng ope r a t ions o c c u r  pr i nc i p a l l y  
f rom e ng i n e s . Approx im a t e l y  9 0  p e r c e n t  o f  a l l  d r i l l i ng r i g s  and 
s uppo r t  equ i pme n t  are powe r ed by d ie se l  eng i n e s , abou t 9 percen t 
are powe red by n a t ur a l  gas- o r  LPG-f ue l ed e ng i n e s , a nd the rema in­
i ng are tot al l y  powe r ed by e l e c tr i c i ty , norma l l y  wi t h  an i n terna l 
c ombu s t io n  e ng i n e  used a s  a s tand by . The po l l u t a n t  o f  g re a te s t  
magn i t ud e  and concern i s  n i t rogen o x i d e  ( NOx ) ,  wh i c h  i n  many 
i n s ta n c e s  e x ce ed s  the 1 0 0 ton pe r ye ar E PA d e f i n i t i o n  of a maj o r  
pol lu ta n t  sourc e . 8 0 2 w i l l  be emi t ted i f  t h e  eng i ne f ue l  co n ­
ta ins s u l f ur , b u t  i s  u s ual l y  o f  m inor s i g n i f i c ance . Th e m a j o r  
so urce o f  VOC emi s s ions  i s  e xh au s t  emi s s ions from e n g i ne s . 

B .  Onsh o re Dr i l l i ng 

Dr i l l ing r ig s  are used on l and for e i t h e r  e xplora t io n  d r i l l in g  
o r  deve l opme n t  d r i l l i ng . The total NOx em i s s io n s  f o r  t h e  o n s h o re 
d r i l l i ng i nd u s t ry h a s  been e s t ima ted a s  1 5 3  tons p e r  d ay ,  w i t h  1 1 8 
tons pe r d ay a t t r ibu ted to d i e se l  e ng i ne s  and 3 5  t o n s  pe r d ay to 
ga s-f u e l ed e n g i ne s . A s urvey o f  2 4  l and d r i l l ed we l l s , w i t h  a n  
averag e we l l  d epth o f  5 , 8 4 0  f e e t and a n  averag e  r eq u i reme n t  o f  4 9 4  
horsepowe r ( h p ) , i nd i c a ted a n  averag e  NOx emi s s i o n  r a t e  o f  0 . 1 1 
tons pe r d ay , o r  0 . 0 0 7  tons pe r we l l . 

C .  O f f s h ore Dr i l l i ng 

A l arge s e l f -prope l l ed s em i s ubme r s i b l e  d r i l l i ng v e s s e l  d r i l l i ng 
a typ i c a l  we l l  o f  1 4 , 0 0 0  f e e t over a per i od o f  1 6 5  d ay s  wo uld emi t 
approx ima t e l y  1 . 2 tons  pe r d ay NOx ; 0 . 2 6  tons  pe r d ay c arbon 
monox id e  ( CO ) ; 0 . 0 9  ton s  pe r d ay h yd rocarbon s ;  0 . 1  tons pe r d ay o f  
par t i c u l a te s ; a nd 802 e m i s s ions wo u l d  b e  about 0 . 1 6 tons  pe r d ay . 

A very 
i n s te ad o f  
wo rld . I t  

l arge s e l f -prope l l ed d r i l l s h i p  us e s  dynam i c  po s i t io n ing 
f ix ed anchors for d e epwa t e r  d r i l l i ng a nywh e re i n  t h e  
u t i l i ze s  1 6 , 0 0 0  h p  f o r  propul s io n  whe n  und e r  w a y  i n  the 

open s ea s . C a l c u l a ted average emi s s ions for the d r i l l sh ip whe n  
d r i l l i ng a r e  2 . 1  t o n s  pe r d ay NOx , 0 . 4 6 t o n s  pe r d ay C O ,  0 . 1 7 
tons per d ay h yd rocarbon s ,  0 . 1 5 tons p e r  d ay par t i c u l a te s , and 0 . 1 9 
tons pe r day 802 . 

A s urvey o f  e ig h t  typ i c al o f f shore d r i l l ing we l l s  i n  the Gu l f  
o f  Me x i co i nd i c a te s an ave r ag e  requ i r emen t  o f  1 , 0 2 3  c a l c u l a te d  h p  
for d r i l l ing a 1 0 , 5 0 0 -foo t we l l . Th e ave r ag e  powe r c on s ump t io n  wa s 
4 5 5  h p , and the average d r i l l i ng t ime wa s 5 2  d ay s . The average 
NOx em i s s i on r a t e  wa s 0 . 1 7 tons pe r d ay or 0 . 0 2 6  tons NOx per 
we l l .  

D .  Con trol s  

1 .  Powe r Gen e r a t ion 

NOx control of  i n ternal  c ombu s t ion e n g i n e s  is  accompl i shed by 
c h ang i ng c e r ta i n  eng i n e  ope rat i ng cond i t io n s  and thereby mod i fy i ng 
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the ba s i c c ombus t ion proce s s . Ad j us t i ng t h e  f ue l/a i r  ra t io o n  
g as - f ue l ed e ng i n e s  i s  a r e l a t iv e ly s impl e con trol to red u c e  NOx · 
However , a f ue l  pena l ty oc c ur s  a nd t h e  l ev e l  o f  C O  i s  i n c re a se d . 
The se t t i ng of  the f ue l/a i r  r a t i o  so tha t the NOx and CO em i s­
s ions are equal i s  c urre n t l y  spec i f i e d  by some reg u l a to ry agenc ie s 
to be the b e s t  NOx c on trol . Combu s t io n  c h amber mod i f i c a t i o n s  and 
c a t a l y t i c  red uc t ion are  po ten t i a l  con t ro l s  for t h e  f ut ur e . 

Ca tal y t i c  conver t e r s  on some d i e s e l  e n g i n e s  a r e  b e ing used to 
c on trol NOx em i s s i ons ; however , the use  o f  c a t a l y t i c  conv e r te r s  
i s  no t ye t a we l l  accepted prac t ic e  i n  d r i l l i ng or prod uc t io n . 
Re tard i ng the f ue l  i n j e c t ion or i n j e c t i ng wa t e r  i n to d i e se l  e ng ines  
are  two me a n s  o f  lowe r i ng the c ombu s t io n  temp e r a t u r e s  f o r  d ie se l  
e ng i nes  t h a t  may d ev e l op i n to ac ceptab l e  NOx con trol me thod s i n  
t h e  f u t ure . 

2 . Fue l Sys tem 

VOC emi s s ions f rom the eng ine f ue l  sys tems are  b e s t  con trol l e d  
b y  g ood ma i n te nance  t o  prev e n t  l eaks . Be c a use o f  t h e  use  o f  the 
d r i l l i ng equ i pmen t ,  t h e  valves and conne c t ions are po r t a b l e  and 
par t i c ul a r l y  s u scept i b l e  to l e ak s . Howeve r ,  t h e  f ue l s  i n  u s e  d o  
not normal ly em i t  a s ig n i f i c a n t  amoun t o f  r e a c t i v e  hyd ro c arbon s , 
and ma in tenance proc e d ure s are fol lowed to m i n imi ze f ue l  c o s t s . 

3 .  Mud Sys tem 

VOC and occa s i ona l l y H 2 S e n t e r  the we l l  bore wh i l e  d r i l l in g  
a nd become e n t r a i ned i n  the d r i l l ing f l u id . Th e s e  e n tr a ined g a s e s  
a r e  norma l l y  r emoved in t h e  mud ma i n tenance  sys t em a t  t h e  s h a l e  
s hake r , d eg a s se r , a nd mud p i t s . Th ey o c c u r  spo rad i c a l l y  a nd a r e  
neg l ig ibl e e x c e p t  d ur i ng uncommon •• we l l  k i ck s "  or uncon t ro l l e d  f l ow 
r e s u l t i ng from too l i t t l e  mud we ig h t . Wh e n  t h e s e  em i s s i o n s  a r e  
s u f f i c i e n t  t o  s uppo r t  c ombu s t ion t h e y  are o x i d i z e d  i n  a f l ar e . 

In trus ion o f  H 2 S g a s  i n to the mud may o c c u r  i n  s ome g e o­
g raph i c  areas . Th i s  i s  u s ua l ly contro l l ed by c hem i c a l  me ans . Iron 
s ponge is c ommon l y  added to the mud sys tem to r e a c t  wi t h  the H 2 S 
to form i ron s ul f id e . Z i n c  c arbona te and coppe r c arbonate h a v e  
b e e n  s im i l ar ly u s e d . 

I V .  P rod u c t ion Ope r a t ions 

A .  Onshore Prod u c t ion 

Oil and gas prod uc t ion is trans f e rred f rom the we l l  by p i pe l ine 
t o  a sepa r a t ion and t r e a tment  fa c i l i ty wh e r e  the o i l and gas  are  
separa ted for s a l e , and wa ter i s  r emoved for d i s po sa l . De pe nd i n g  
upo n the separa t i o n , t r e a tme n t , a n d  s a l e s  me thod s r eq u i red , f r e e  
wa ter knockou t s , l iq u id/g a s  separator s , h e a te r s , s e t t l i ng t a nk s , 
s torag e tanks , p umps , c ompr e s so r s , powe r g e n e r a t i o n  equ i pme n t ,  g a s  
scrub�e r s , and d r i p  po t s  may b e  r e q u i re d . 

Emi s s ion sources s uc h  a s  p ump s a nd compre s so r s  are  powe red by 
e i ther g a s  e ng i n e s , g a s  t ur b i ne s , or e l e c tr i c mo tors ; a nd he a te r s  
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are equ ipped wi t h  g a s - f ired  b urner s .  Die se l  e n g i n e s  a r e  l e s s  com­
monly used for onshore powe r generat ion , as e i th e r  e l ec t r i c  powe r 
or adequa te f ue l  g a s  i s  u s u a l l y  ava i l ab l e  a nd c a n  be s a f e l y  u se d . 
NOx i n  e x h a u s t  g a s e s  from these combu s t i o n  d ev i c e s  i s  the pr imary 
so urce of  pol l u t an t s . Oth e r  a c c e s sory equ i pme n t ,  i nc l ud i ng v a l ve s , 
f i t t i ng s , c onne c t i ons , tank s , a nd p i t s , a r e  so u r c e s  o f  h yd roc arbon 
emi ss ions . 

Perhaps t h e  prod uc t ion area that  h a s  been impac te d  mo s t  by the 
C l ean Ai r Ac t is  the he avy o i l prod u c t io n  area l o c a te d  i n  Ke rn 
Co unty , Ca l i forn i a . The f o l l ow i ng con s tra i n t s  impo s e d  by the C l e an 
A i r  Ac t and i ts a t tend a n t  r eg u l a t ions imped e an i n c r e a s e  i n  h e avy 
o i l  prod u c t ion i n  that are a : 

• The con s t r uc t io n  b an 

• Cumbersome p e rm i t t i ng proced ure s for n e w  f ac i l i t i e s  

• Time-con s um i ng pe rmi t t i ng proced ures 

• NAAQS t h a t may go beyo nd he a l th r e q u i r e me n t s  ( fo r  e x ampl e , 
i n  Ca l i fo r n i a ) 

• In fl ex i b l e  d e f i n i t io n s  o f  a t t a i nme n t  a nd nona t t a i nmen t  
are a s  

• F ixed a t ta i nmen t d e ad l ines 

• Rig id o f f s e t  r eq u i rements  

• PS D i n c r emen t s . 

I f  the Cl e a n  A i r  Ac t i s  s t r i c t l y  in te rpre ted , w i t h  a l l  o f  t h e se 
constra i n t s  i n  e f fe c t ,  h e avy o i l  prod uc t i o n  i n  Ke r n  Co un ty wo u l d  be 
l imi ted to a range s omewh e r e  be tween the c urren t l ev e l  of abou t 4 0 0  
MB/D a nd a h ig h e r  l ev e l  o f  about 6 0 0 M B/D . Th i s  h ig he r  l ev e l  could  
be  appro ached i f  a l l  c urre n t l y  pe rmi t ted s te am g e n e ra to r s  are  p u t 
i nto prod u c t ion . However , wi th the e l im i n a t io n  o f  the c on s t r uc t io n  
ban , improved pe rmi t t ing , a n d  rel a x a t ion o f  o t he r con s tra i n t s , pro­
d uc t ion of h e avy o i l  i n  Ke rn Coun ty could  i n c re a se to a l ev e l  o f  
abou t 9 4 0 M B/D b y  1 9 9 0 . 5 4  Ker n  Coun ty he avy o i l  f i e l d s  now con­
t a i n  about 2 0  b i l l ion barr e l s  o f  o i l  i n  p l a c e , mos t o f  wh i c h  c annot 
be  prod uced u s i ng conve n t io n a l  me thod s . The po ten t i a l  p rod u c t io n  
i s  thus l arge , a nd cou l d  b e  an impo r tant f a c to r  i n  u.s. e n e rg y  
prod uc t ion . 

Al t hough me t hod s o t h e r  than s te am i n j e c t ion a r e  be i ng te s te d , 
t he b u l k  o f  he avy o i l  recov e ry i s  a t ta ined u s ing s te am i n j e c t io n  
me thod s . In Ker n  Co un ty ,  s te am for i n j e c t io n  i s  g e n e ra ted u s i ng a n  
o il f i e l d  s t e am g e n e r a tor , wh i c h  i s  l o c a ted c lo s e  to the i n j e c t i on 
we l l s . Ne a r l y  a l l  g e n e ra tors use  c r ud e  o i l  f rom p rod uc i ng l e a se s  
a s  f ue l . Th e burn ing o f  t h i s  c rud e o i l  fo r s te am g e n e r a t i o n  pro­
d uc e s  a n umb e r  of emi s s ions , i nc l ud i ng pr ima r i l y  N Ox , s u l f u r  
o x id e s  ( S Ox ) ,  a nd par t i c u l a te s . Hyd roc arbons may a l so b e  em i tted 
f rom prod uc i ng we l l s . 
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F ur t h e r  e xpan s io n  o f  h e avy o i l  prod uc t ion i n  Ker n  Co unty d e­�ends upo n the i n s t a l l a t io n  o f  add i t io n a l  s t e am g e n e r a t i o n  capac­
I ty .  However ,  b e c a u s e  s te am genera tors prod uce emi s s ions , o f f se t s  
are requ i red . Improved po l l u t ion con tro l te c h no l og y  c an i n crease  
the very l imi ted s upply of  o f f se t s  a nd thus  a l l ow f o r  mor e  or 
e xpanded s t e am gener a to r s . The ind u s t ry i s  r e l y i ng o n  new con trol 
techno l og y  to i nc r e a s e  t h e  ava i l ab i l i ty of o f f s e t s  and prov id e fo r 
g rowth i n  the s t e am g e n e r a tor popu l a t io n  wi t ho u t  d eg r ad i ng a i r  
qual i ty .  

Te chnology c urren t l y  e x i s ts for con t ro l l in g  S Ox emi s s ions on 
the s t e am g e n e r a to rs , a nd NOx control technolog y  i s  d ev e l op i ng . 
Mos t  h yd roc a rbon emi s s ions c a n  be con t ro l l e d  w i t h  e x i s t i ng tec h ­
no�ogy . Howeve r , n o  proven h ig h  e f f i c ie ncy te c h no l og y  c ur re n t l y  
e x 1 sts  for con t ro l l i ng par t i c u l a te emi s s ions f rom s te am g e n e r a tors . 

Co ntrol of  s ul fur compounds i s  ach ieved throug h t h e  u s e  o f  
Claus s u l f ur recovery plan t s ,  wh ich prod uc e e l eme n t a l  s u l f ur . Th i s  
r e s ul t s  i n  a s u l f ur r e cove ry e f f i c ie ncy o f  approx ima t e l y  9 6  p e r­
cent . H ig h  C 0 2/H 2S r a t io s  adve r s e l y  a f fe c t  re cove ry e f f ic ie n­
c ie s . Hi g h e r  r ecove r i e s  are  ach ieved throug h t h e  add i t io n  o f  a 
ta i l  g a s  un i t  to proc e s s  the gas  em i t ted f rom t h e  C l a u s  s u l f u r 
p l an t . In c a s e s  wh e r e  sma l l  qua n t i t i e s  o f  H 2S h av e  to b e  re­
moved , techn ique s s uc h  as  i ron sponge and mol e c u l a r  s i eve s a r e  
u t i l i ze d . 

Th ree d i f fe r e n t  control te chno l og i e s  have b e e n  approved a s  BAC T 
and are c urren t l y  pe rmi t te d  for use o n  l arge s o u r  g a s  p l a n t s  i n  the 
Ov e r thru s t  Be l t  i n  sou t hwe s t  Wyom i ng and no r th e a s t  Utah . Th ey a r e  
Cold Bed Absorp t i o n  ( CBA ) , Shel l C l a u s  Of f -Ga s Tre a t i n g  ( SCOT ) , a n d  
t he Be av on- S t r e t f o rd proce s s . Th e typ i c al s u l f ur recov e ry e f f i­
c i enc ie s for t h e s e  te c h nolog i e s  are shown i n  Tabl e 2 3 .  A C l a u s  
s ul f ur recov e ry pro c e s s  i s  an i n tegral  p a r t  o f  e ac h  o f  t h e  three 
ta i l  gas un i t s  s pec i f i ed in  t h i s  tabl e . 

The CBA proc e s s  i nvol v e s  trea tme n t  o f  the ta i l  g a s  f rom the 
C l aus proce s s  to conve r t  add i t ional H 2S a nd S 02 to s u l f ur . The 
CBA proc e s s  prov id e s  a f in a l  c a t a l y t i c  conve r t e r  a t  l ow t empe r a t ure 
to sh i f t  reac t io n  eq u i l i b r i um to i n c re a s e  conv e r s i o n  by t h e  C l a u s  
reac t ion . Th i s  i s  an o x i d a t ion proc e s s  tha t prod uce s e l eme n t a l  
s ul f ur . The t a i l  g a s  i s  inc iner ated and S 02 i s  em i t ted . 

The SCOT proc e s s  red u c e s  the C l a u s  t a i l  g a s  to H 2S ove r a 
catalys t . The n  the H 2S s tre am con ta in i n g  4 0  pe rcen t C 0 2 i s  
abso rbed i n  an alkano l-am ine s e c t ion . H 2S i s  s t r ipped f r om the 
amine and r ecyc l ed to the C l a us un i t .  H 2 S no t a b so rbed i s  b ur ne d 
to S02 and d i scharged . 

Th e f i nal pro c e s s  c i ted i s  the Be avon- S t re t f o rd proc e s s , wh i c h  
f ir s t  red uc e s  a l l  s u l f ur c ompounds in  t h e  Cl a u s  ta i l  g a s  to H 2S 
by hyd rog e n a t io n  and hyd ro lys i s . The Be avon- S t r e t fo rd proce s s i s  
then us ed to absorb t h e  H 2 S i n  a n  ox id i z i ng a l ka l i n e  so l u t ion , 
wh i ch conve r t s  the H 2S t o  e l ementa l  sul f ur . The t a i l  g a s  from 
th i s  proce s s  con ta i n s  c a rbonyl s u l f id e  ( CO S ) and sma l l  amo unts o f  
H 2S and carbon d i s ul f id e  ( C S 2 ) .  It d oe s  no t requ i r e  inc inera­
t ion pr ior to be i ng emi t ted to the a tmosph e r e . 
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IV 

Total sulfur recovery 
effici ency§ 

Pol lutants emitted 
after control is 
appli ed 

Pol lutant emission 
rate assuming a 2 5 0  
MMSCF/D�I inlet 
stream @ 1 5 %  H2 s 

Total sulfur recovery 
( short tons per day )  

TABLE 2 3  

Current Control Technologies Permitted for Large 
Natura l  Ga s Processing Plants ( Sour Gas Plants ) 

Located in  the Wyoming/Utah Overthrust Belt 

Recovery Process 
Claus Claus Claus 
plus plus plus 
CBA* SCOTt B eavon-Stretford 

9 8 . 6% 9 9 . 7% 9 9 . 7% 

so2 so2 COS & H2 S 

3 , 694 lb/hr so2 793  lb/hr S02 72  0 lb/hr cos 
1 3 . 5  lb/hr H2 S 

1 , 562 1 ,  5 7 9  1 ,  5 7 9  

*Cold Bed Adsorption Process . 

Comment 

Assumes sulfur-free 
fuel gas used in burners 

Smal l  amounts of CO may 
also be emitted 

tshell  Claus Off-Gas Treating Process . 
§ Higher sulfur recovery effici enc i es are pos s ible  with additional operating and capital expenditures 

( New Source  Performanc e Standards for refinery sulfur r ecovery processes r equi r e  9 9 . 9 percent control 
efficiencies ) .  

�1Million standard cubic f eet per day . 

SOURCE : American Petrol eum Institute test imony before the u . s . Senate Environment and Public Works 
Committee , July 8 ,  1 98 1 . 



B .  O f f shore Prod u c t ion 

Suppo r t  fac i l i t ie s  used wh i l e  d r i l l i ng are o f te n  r eq u i red for 
prod uc t ion . Th e s e  i n c l ud e  d i e s e l-powe red e l ec tr i c  g e n e r a to rs fo r 
provid i ng e l e c tr i c i ty to the quarter s , g a l l ey , r e c r e a t i o n  room , 
equipme n t  contro l s , s an i ta t i on , and nav ig a t i o n a l  a id s . Th e s e  
e l e c t r i c a l  l o a d s  are nom ina l . Crane s ,  h e a t i ng s y s t ems , f i re wa t e r  
sys tems , a nd d e s a l i n a t i on un i t s  a r e  a l s o  f ue l e d  b y  d i e s e l . 

The r e  are ad d i t i onal requ i reme n t s  fo r d i e se l  powe r f o r  pro­
d uc t ion , i nc l ud i ng g a s  c ompre s sor s , p umps , he a te r s , and g a s  d r ye r  
reg e n e r a tors . Ga s eng i n e s  are a l so used o f f s ho r e  wh e n  f ue l  g a s  
i s  ava i l abl e . Pl a t fo rms w i t h  l arge powe r requ i r ement s  may u s e  
gas  tur b i n e s  a s  t h e  pr ime move r  when ad equa te g a s  s uppl i e s  a re 
ava i l abl e . 

Wa t e r  i n j e c t ion h a s  been cons id e r ed by r e g u l a to ry a g e nc i e s  for 
NOx control w i th g a s  turb ines  in the f u t ur e . Howe v e r , an o f f­
shore source o f  p ure wa t e r  to pr event s c a l e  forma t io n  i s  h a rd t o  
f ind . 

Fug i t iv e  VOC em i s s ions from l e aks may o c c u r  from v a r i o u s  e q u ip­
men t  con ta in i ng a VOC sourc e . They are u s ua l l y  sma l l  and a r e  be s t  
c ontrol l ed by a g ood prog ram o f  d e te c t io n  and repa ir .  An A P I  s t ud y  
found ove r 1 7 3 , 0 0 0  equ i pmen t c ompone n t s  i n  prod uc t i o n  opera t ions . 
Le ss than 5 p e r c e n t  o f  the compo nen ts l e ake d , i nd i ca t i ng tha t f ug i ­
t ive VOC emi s s ions u s ua l ly o c c ur from o n l y  a sma l l  f r a c t i o n  o f  t h e  
pote n t i a l  em i s s i o n  sour c e s . 

WATER 

I .  Ons hore Explora t ion and Deve lopme n t  Dr i l l i n g  and Produ c t io n  
Ope r a t ions 

Th is se c t io n  d i s c u s s e s  the e f fec t o f  pr e-d r i l l ing , e x plora tory 
d r i l l i ng , a nd prod u c t ion ac t iv i t i e s  o n  wa t e r  q ua l i ty .

. 
S i n e� t h e  

f ir s t  c omme r c i a l  o i l  we l l  i n  the Un i te d  S t a t e s  wa s d r 1 l l ed 1 n  � 8 5 9 ,  
abo u t  2 . 5 mi l l ion onshore we l l s  have been d r i l l e d . On shore d r l l l ­
ing pre s e n t l y  con t i nu e s  a t  �n annual r a t e  o f  abou t 5 0 , 0 0 0  we l l s , 
w i th to tal  depths  r ang i ng from h und red s o f  f e e t  to g re a t e r  than 
2 0 , 0 0 0  f ee t .  In 1 9 7 8  t h e  average dept h  o f  we l l s  d r i l l e d  onshore 
was  4 , 8 1 4  f e e t . 

A .  Ons hore Dr i l l i ng Ope r a t ions 

On shore d r i l l ing ope r a t ions have sho r t- l ived e nv ironme n ta l  
impacts . Dr i l l ing wa s te s  cons i s t  ma i n l y  o f  u s ed d r i l l i ng f l u i d  
( mud ) and form a t ion so l id s  ( c u t t ing s ) .  

1 .  Dr i l l i ng F l u id s  

In o rd e r  to d i sc us s  the e nv i ronme n ta l  impac t s o f  d r i l l ing 
f l u ids , or " m ud s , "  i t  i s  f i r s t  nece s sary to und e r s t a nd the i r  
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c ompo s i t io n  and u s e . Fo r a d i sc us s io n  o f  th i s  s ub j e c t  s e e  the 
Ind u s try Ope r a t ions s e c t ion of th i s  chapte r . 

a .  Re se rve P i ts 5 5  

Whe n  d r i l l i ng on shore we l l s , a r e s er ve p i t ,  o r  s ump , i s  u se d  to 
s tore the d r i l l i ng mud and c u t t i ng s  and f o r  f i n a l  d i spo s a l . ( In 
urban are a s , a t a nk r a th e r  than a s ump i s  u se d . )  Pr ior to a r r i va l  
o f  the r ig ,  a r e s e rve p i t  i s  e x cav a te d  ad j acen t to whe r e  the  r ig 
and a s soc i a te d  m ud e qu i pmen t  w i l l  be s i te d . The p i t i s  d e e pe r  n e a r  
the mud -proce s s i ng equ ipmen t  t o  a l low the h e avy s o l id s  to s e t t l e  
out . I t  i s  s i zed a c cord i ng to the we l l  d epth pl anned . Whe n  d r il l ­
i ng a shal l ow we l l , the to tal  vol ume o f  mud and c u t t i ng s  may o n l y  
be 2 , 0 0 0  barre l s . Howe ve r ,  deep we l l s  may h ave vol ume s a s  h i g h  a s  
1 0 0 , 0 0 0  barre l s . In add i t ion , a l lowance i s  mad e f o r  r a i n f a l l .  I t  
i s  impo r t a n t  t h a t  the  wal l s o f  the  r e s e rve p i t  be h i g h  e no ug h  t o  
prov i d e  3 to 5 f e e t  o f  topso i l s  on top o f  t h e  d r i l l i ng m u d  and 
c u t t i ng s  a f te r  backf i l l i ng . A l arge r ,  sha l l owe r re s erve p i t  i s  
pre f e r ab l e , b e c a u se the f i nal  d i spo sal  w i l l  be a c h i ev e d  mor e  q u i ck ­
l y  and e f f i c i e n t l y . Some t ime s regul a t ion s , un ique geog raphy , and  
e nv i ro nme n ta l  con s id e r a t ions requ i r e  an impe r v i o u s  l i n e r  i n  the 
re s e rve p i t .  

b .  D i spo s a l  Me thod s 

Three me thod s o f  d i s po s i ng o f  d r i l l i ng f l u id are  u s e d . 

Back f i l l i ng a Re s e rve P i t . Th i s  me thod i s  by f a r  the  mos t  com­
mon d i spo s a l  me thod . I t  r e s u l ts in  a conso l id a te d  mud l e n s  3 t o  5 
fee t b e l ow the s ur f ac e . Be fore backf i l l i ng c a n  beg i n , the  top 
aque o u s  l ay e r  m u s t  b e  removed a nd any e x c e s s ive free  o i l  mu s t  b e  
skimmed . A f t e r  t h e  o i l  i s  s k immed , the aq ue o u s  l ay e r  i s  c l ar i f i ed 
by m i x i ng o r  b road ca s t i ng the  pi t area w i th fl occu l a n t s  s uc h  a s  
po lyacrylam i d e  or gyps um . F lo c c u l a t ion pro d u c e s  a d e n s e r  co l lo i d a l  
s l u r ry , d e c re a s i ng t h e  vo l ume o f  wa s te and i nc r e a s i ng t h e  e f f i­
c i e ncy of the  dewa t e r i ng proc e s s . 

A f t e r  c la r i f i c a t ion , the aq ueous l ayer i s  a l l owed to evaporate 
or the pi t d i k e  i s  c u t  and the f l u id d r a i ned . Before d ra i n i ng , 
c e rt a i n  chem i c a l  a nd/or b io l og i c a l  t e s t s  are  cond u c ted to e n s u r e  
tha t t h e  re l e ased f l u id me e t s  reg u l a t ion g u i d e l i ne s . The  aq ueou s 
l aye r can a l so b e  removed b y  vacuum t ruck a nd i n j e c t ed i n to the 
we l l  that was d r i l led ( i f it is to be pl ugged a nd ab a nd oned ) or 
transpo rted to a n e a rb y  i n j e c t i o n  we l l  a nd d i s po s ed o f . 

Onc e  the aque ous l a ye r  h a s  b ee n  removed , b a ck f i l l i n g  the 
rese rve p i t tak e s  p l a c e . Care  is tak e n  to r e t u r n  the  area to 
or i g i nal  c o n to u rs a nd to replace the topso i l s  even l y . Th i s  me thod 
a l l ows ample t ime fo r the rema i n i ng d r i l l i ng s o l i d s  to u nd e rg o  
f u rth e r  d ewat e r i ng . The d ry topso i l s o f  t h e  re s e rve p i t wal l s  a l so 
a id i n  the f i nal dewa t e r i ng a s  they a re s l owly moved ove r a nd mi xed 
w i th the was t e  mud s a nd c u t t i ng s . Wh en the  c l os ure proc e s s  i s  
compl e te ,  t h e  a r e a  i s  r e ad y  fo r return to i t s o r i g i nal  u se . 
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Vac uum Truck Removal to a S ta te-Approved D i spo s a l  S i te . Th i s  
me thod i s  only u s ed i n  e n v i ronme n t a l l y  s e ns i t i ve o r  urb a n  a re a s ,  
wh e r e  there i s  some conce rn that s u r f a c e  w a t e r , g roundwa t e r , a nd 
so i l  may b e  contam i n a t ed b y  the leach i ng o f  trace  amo u n t s  o f  me t a l s  
from b u r i ed res e rve p i t s . T h e  ch a r ac t e r i s t ic s  o f  d r i l l i ng mud 
gre a t l y  r e t ard le a ch i ng from the rese rve p i t ,  e s pe c i al l y  a f t e r  
d i sposa l ,  wh i ch h e l p s  m i n im i z e  s uc h  prob lems . 

S o i l  B iode g rad a t i o n . Th i s  me thod cons i s t s  of  spr e ad i ng t h e  
con t e n t s  of  t h e  r e s e rve p i t  eve n l y  ove r  t h e  d r i l l i ng loc a t i on a nd 
m i x i ng t h em i n to the so i l  u s i ng s o i l - t i l l i ng e q u i pme n t .  Some t ime s 
the pi t i s  f i rs t  dewate red . I n  mos t s t a tes  th i s  i s  the pre f e r red 
me t hod . S tu d i e s  at Utah  S ta t e  Un ivers i ty c o n c l uded t h a t  l a nd ­
farm i ng w a s  workab l e  prov id ed ad eq uate s i t e s e l e c t i o n  a nd wa s te 
treatme n t  tech n iq ue s  we re empl oyed . 5 6  Howeve r ,  o n e  s t a te 
( Ok lahoma ) has pa s s ed a regu l a t ion proh ib i t i ng t h e  use  o f  so i l  
b iodeg r ad a t ion o n  ag r i c u l t ur a l  l a nd s . 5 7  

2 .  A s s oc i a ted F l u id Wa s te s  

As so c i a ted f l u i d was tes a r e  ra i nwa te r , d r i l l i ng r ig wa s hd own 
wat e r , d r i l l - c u t t i ng s  wash wate r , s a n i t a ry was te s , a n d  sma l l  
amoun t s  o f  mi sc e l l a neous chem i c a l s  such a s  d r i l l  p i pe t h r e ad dope 
and d r i l l i ng f l u id add i t ives . Unco n t am i n a t ed ra i nwa t e r  ( i . e . , 
wa t e r  that fal ls ou t s id e  the d r i l l i ng r i g  a re a ) c a n  b e  ch a nn e l ed 
away from the a c t i v i ty area a nd al lowed to f l ow i ts n a t u r a l  cours e . 

Contam i na ted ra i nwate r , d r i l l i ng - r i g  and d r i l l - c u tt i ng s  wa s h  
wa te r ,  a nd the m i sc e l l a neous chem i c a l s  are con t a i n ed w i t h i n  the 
d r i l l i ng rig are a w i t h earthen b e rms , and the f l u i d  is  c h a nn e l ed 
i n to the rese rve p i t  o r  another pi t .  The col l e c te d  f l u id s  a r e  
d i s posed of w i t h  the f l u id por t ion o f  the d r i l l i ng wa s te s . 

3 .  Pol l u t i o n  Preve n t ion 

Pol l ut ion preve n t ion is  an i n te g r a l  part o f  t h e  ove r a l l  d r i l l­
i ng proce s s . Th e e nv i ronmen t  i s  pro tec ted by d r i l l ing sys tem 
contro l , s ur f ace con ta i nmen t ,  and d i scharge l im i ta t ions for u se d  
d r i l l i ng f l u id s  and assoc i a ted wa stes . I n  add i t io n , e ac h  d r i l l ing 
ope r a t ion is  covered u nd e r  a Sp i l l  Preve n t io n , Con trol and Co un te r ­
me asure ( S PCC ) Pl an , a s  requ i red b y  the C l e a n  Wa t e r  Ac t o f  1 9 7 2 . 
S PCC plans and the i r  req u i reme n t s  are d i s c us s ed i n  Chap t e r  S i x . 

a .  Dr i l l i ng Sys tem Control 

Dr i l l i ng sys t em con trol i s  ma i n t a ined by u s i ng the proper 
d r i l l i ng f l u id s , the correc t c a s ing prog ram , a nd the prope r b l ow­
out preve n t ion sys t em . Al l three of t h e s e  mus t be approved a n d  
inspe c ted b y  a d e s ig nated federal  or s ta te ag e n cy . 

Th e d r i l l i ng f l u id sys tem prev e n t s  po l l u t io n  by m a i n ta i n ing the 
correct s ubs urf ace h yd ro s ta t i c  pre s s ur e  i n  t h e  we l l  bore a nd i s  
mon i to red by f r eque n t  f l u id we ig h t  check s . Th e  u s e  o f  p i t- l ev e l  
mud-pump-s uc t ion a l a rms t o  d e te c t  a l o s s  o r  g a i n  i n  d r i l l i ng f l u id , 
the use of  g a s-d e te c t io n  al arms near the mud f l ow d i t c h  a n d  s hake r s  
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to d e t e c t  an abnormal amoun t o f  h yd rocarbon g a s , and the u s e  o f  
o th e r  d r i l l i ng f l u id s ys tem check s/al arms ( i . e . , c h l or i d e conte n t ) , 
wh i ch prov ide s  an e a r l y  warn i ng o f  po ten t i a l  probl ems a r i s ing f rom 
u nknown cond i t io n s . 

Ca s i ng prog r am s  a r e  d e s i g ned and eng i ne e r ed to ma i n ta i n  c as e d ­
hole and bor e-h o l e  i n t eg r i ty and t h u s  preven t  pol l u t ion o f  th e 
s ur round i ng env i ronme n t .  The c a s ing prog ram va r ia b l e s  a r e  s i z e 
( d i ame te r ) ,  we igh t ( wa l l  t h i c knes s ) , g r ad e  ( s t e e l  add i t ive s con tent 
and heat tre a t i ng ) ,  and depth . The s e  var i a b l e s  are opt i m i z e d  by 
us i ng eng i n e er i ng tabl e s  or computer  prog rams to s e l e c t  the prope r 
c a s ing program f o r  depth and amoun t o f  s ub s ur f ace pre s s u r e s  a n t i c i­
pated , d r i l l i ng f l u id we i g h t s  to control pre s s ure s , and s tr e n g t h s 
and l e ng t h s  o f  var ious c a s ing s t r ing s f o r  the an t i c ipa ted we l l . 

BOPs are hyd ra u l i c a l l y  ope r a ted and contro l l ed equ i pmen t  bol ted 
to the c a s i ng at the s ur face t ha t , when ac t iva ted , c l o s e  o f f  t h e  
annu l ar s p a c e  b e twe e n  the c a s i ng and the d r i l l  s tr ing . Th i s  pre­
ven t s  the uncon t ro l l ed r e l e a s e  of d r i l l i ng f l u id s , o i l , wa te r , o r  
g a s  i f  an imba l ance i n  b o t tom-hole pr e s s ur e  o c c ur s , wh i c h  c o u l d  
re s u l t  i n  a blowou t .  Th ey a r e  f ur t h e r  d e s c r i b ed i n  t h e  Ind u s t r y  
Ope r a t ions s e c t io n  o f  th i s  c hapte r . BOPs a r e  normal l y  i n spe c ted 
a nd/or approved by a d e s igna ted fed e r a l  or s ta te ag e n cy . 

b .  C on t a i nme n t  

S ur f ace con ta i nmen t sys tems usual l y  i nc l ud e  a re s e rve p i t , 
d r i l l i ng r ig s i te d ra i nag e con trol , and d r ip pan s  b e n e a t h  r ig 
eng i ne s  a nd equ i pmen t .  

The r e s e rve p i t  i s  the c e n tral  col l e c t i on s i te for mos t  wa s t e  
l iq u id s from d r i l l i ng ope r a t i ons . Eac h  d r i l l  s i te i s  l a id o u t , 
graded , and be rmed , to d iver t  r a i nwa ter away f rom the d r i l l  s i te ,  
and a l l ows i t  to fo l low i t s natural runo f f  course . Ra inwa te r , 
wa s hd own wa te r s , and o t h e r  l iq u i d s  t h a t  f a l l w i t h i n  t h e  be rmed area 
are u s ua l ly c hanne l ed to the r e s e rve p i t  f o r  col l e c t ion and 
s to r ag e . 

The d r i p  pans are u s ed pr imar i ly for t h e  c o l l e c t ion o f  l ub e  o il 
l eaks . Th e s e  col l e c t ions are e i th e r  recy c l ed back t hroug h t h e  l ube 
o i l  sys t em or are tran s f erred to the r e s e rve p i t  for f u t ur e  
d i spo s a l . 

Th e l i qu id s i n  the r e s e rve p i t s  t h a t  a r e  col l e c ted f rom a l l  
sourc e s  around t h e  d r i l l i ng r ig are u s u a l l y  con t am i n a te d . Af t e r  a 
we l l  h a s  been d r i l l ed , the r e s e rve p i t  i s  d r i e d  and then c l osed , a s  
pre v i o u s l y  d i s c u s s e d . In ar i d  par t s  o f  t h e  c o u n t ry , t h e  l iq u i d s  i n  
t h e  p i t  wi l l  rap i d ly evapo ra te . In some h ig h  r a i n f a l l  a r ea s , h ow­
e ve r , t h e  l iq u i d s  are e i t h e r  h a u l ed to d i s po s a l  or d i s c harged i f  
uncontam in a ted . Some s t a t e s  a l l ow i n t e rm i t te n t  d i s c harge o f  l iq u i d  
wa s te s  f rom d r i l l i ng r e s e rve p i t s  i n to s ur f ace wa ter s ,  i f  t h e  d i s ­
c harge mee t s  s ta te l im i t a t ions . The wa s t e  c ompon e n t s  f o r  wh i c h  
l im i t a t ion s a r e  norma l l y  con t ro l l e d  a r e  o i l  and g r e a s e  ( O&G ) , 
chlor id e s , a nd to t a l  s u spe nd ed so l id s . Th e s e  l im i ta t i o n s  a r e  
us ual l y  e x pre s s ed a s  m i l l igrams per l i te r  ( mg/ 1 ) .  The d i s c h a rg e  
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l im i ta t ions imposed by fede ral and/or s t a te ag e n c i e s  may vary w i th 
the rece i v i ng e nv i ronmen t .  Many s t a te s  h ave d ev e l oped the i r  own 
spe c i f i c  reg u l a t ions  to pro te c t  the e nv i ronmen t .  

4 .  Sp i l l  I n c i d e n t s  

A s  shown i n  Ta b l e  2 4 ,  po l l u t ion i n c id e n t s  r e s ul t i ng f rom e x ­
plora t ion and prod uc t ion ac t i v i t i e s  a r e  a sma l l  percen tage o f  th e 
tota l number o f  i n c id e n t s  repo rted from the e n t i r e  o i l  and g a s  
i nd u s try . Sp i l l  even t s  occ urr i ng d ur i ng a d r i l l i ng ope r a t ion a r e  
u s ua l ly t h e  r e s ul t o f  a b l owo u t , a r e s e rv e  p i t  f a i l ur e , o r  a f ue l  
tank fa i l ur e . For f ur t h e r  d i s c u s s ion , re f e r  t o  Cha p t e r  S i x . 

B .  Onshore Prod u c t ion Oper a t ions 

1 .  D i spos i t ion o f  Prod uced Wa s tewa t e r  

The m a j o r  wa s te prod uc t o f  onshore o i l  a n d  g a s  p rod u c t i on i s  
" prod uced wa t e r , "  wa ter tha t e x i s t s  n a t ur a l ly i n  an o i l  and g a s  
forma t io n . I t  con ta i n s  o i l , s a l t s , trace heavy me ta l s , s o l id s , 
and org an i c  chem i c al s . 5 8  Tab l e s  2 5  a nd 2 6  s how the  c hem i c a l  
compos i t ions of  prod uced wa t e r  f rom t wo o i l -p rod uc i ng are a s  o f  the 
Un i ted Sta te s . Prod uced wa ter is typ i c a l l y  r emov ed by g rav i ty 
separa t ion a nd i s  d i s posed o f  by u t i l i z i ng one o f  the  f o l l ow i n g  
me thod s : 

• Und e rg round i n j e c t io n  contro l  ( U IC ) 

• Enha nced o i l  recove ry 

• D i sch a rge to s ur f a c e  w a t e r  ( NP DE S ) 

• Evapo r a t ion . 

Prod uced w a t e r  i s  pr ima r i l y  d i s posed of  b y  the  f i rs t two me tho d s . 

a .  Und e rg round I n j e c t ion Control 

The u se of  U IC f o r  d i s po s a l  depe nd s on the ava i l ab i l i ty of 
forma t i ons that h a ve s u f f i c i e n t  poros i ty ,  pe rme ab i l i ty ,  and a rea l 
e x t e n t  to conta i n  the i nj e c t ed water . They u s ua l ly c o nt a i n  s a l t  
wa ter of  n o  c omme rc i al val ue . 5 9  S ta t e  o i l a nd g a s  r e g u l a t o r s  
req u i re pe rm i t s b e fore a d i s po s a l  we l l  c a n  b e  ope r a t ed . The  m a j o r 
i n tent of the pe rm i t  proc e s s  i s  to e ns ure t h a t  pro d u c e d  wa t e r  i s  
conf i ned to the d i spo s a l  forma t ion a nd doe s not c o n t am i na te f r e s h  
wa t e r  sourc e s . 

b .  Enhanced O i l  Re cove ry 

In 19 7 6 , appro x imate l y  1 9 . 9  b i l l i on b a rre l s  o f  prod u c e d  wa t e r  
we re i nj e c t ed u nd e rg round , 8 . 6  b i l l i on b a r r e l s  i n  d i s po s al we l ls , 
and 1 1 . 3  b i l l io n  b a r r e l s  i n  e nhanced o i l r e cove ry i n j e c t i o n  
we l l s . 6 0  Enhanced o i l  re cov e ry r e i nj e c t ion we l l s  are  a l s o  con­
tro l l ed b y  s t a t e  o i l a nd g a s  regu la tory age n c y  pe rm i t s . 
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TABLE 24 

Reported Incidents of 
Exploration and Production Oil  Spi l ls -- 1 979- 1 980  

1 979 1 980  
Volume Volume 

Production Number* % t  ( Gallons) § % t  Number* % t  ( Gallons ) § 

Onshore 3 3 0  3 . 0  267 , 993 2 . 6  1 0 5  1 .  3 1 0 1 , 0 2 4  

Offshore 6 1 4  5 . 6  93 , 345 0 . 9  574 7 . 3  1 1 5 , 2 48 

Total 944 8 . 6  36 1 , 3 38 3 . 5  679 8 . 6 2 1 6 , 27 2  

*Number = number o f  reported incident s .  
t %  = percentage o f  total reported ( incidents or volume ) . 
§ Volume = reported volume ( gal lons ) . 

% t  

1 .  4 

1 .  6 

3 . 0  

SOURCE : Department of Transportatio n ,  u . s .  Coast Guard , Polluting 

I ncidents In and Around u . s .  Waters , Calendar Years 1 97 9  and 1 9 8 0 . 

TABLE 25  

Pollutants in Produced Water -- Louisiana Coastal* 

Pollutant Parameter 

Oil and Grease 
Cadmium 
Cyanide 
Mercury 
Total Organic Carbon 
Total Suspended Solids 
Total Dissolved Solids 
Chlorides 

Flow 

Range ( mg/1 ) 

7 - 1 3 0 0  
<0 . 0 0 5 - 0 . 675 
< 0 . 0 1  - 0 . 0 1  

3 0  - 1 580 
22  - 390  

3 2 , 0 0 0  - 2 0 2 , 0 0 0  
1 0 , 0 0 0  - 1 1 5 , 0 0 0 

2 5 0  to 2 0 0 , 0 0 0  bbl/day 

Average ( mg/1 ) 

2 0 2  
<0 . 068 
< 0 . 0 1  
<0 . 0 0 0 5  

4 1 3  
73  

1 1 0 , 0 0 0  
6 1 , 0 0 0  

1 5 , 0 0 0  bbl/day 

*Results of 1 9 74 EPA survey of 2 5  discharges per wel l . 

SOURCE : Environmental Protection Agency , " Development Document for 
Interim Final Effluent Limitations Guidelines and Proposed New Source 
Performance Standards for the Oil & Gas Extraction , "  September 1 9 7 6 .  
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TABLE 26 

Pollutants in Produced Water -- California Coastal* 

Pollutant 
Parameter Range ( mg/l ) 

Arsenic 0 . 0 0 1  - 0 . 0 8 

Cadmium 0 . 0 2 - 0 . 1 8 

Total Chromium 0 . 0 2 - 0 . 0 4 

Copper o . o s - 0 .  1 1 6 

Lead o . o  - 0 . 28 

Mercury o . o o o s  - 0 . 0 0 2  

Nickel 0 . 1 0 0 - 0 . 29 

Silver 0 . 0 3 

Zinc o . o s  - 3 . 2  

Cyanide o . o  - 0 . 0 04 

Phenols 0 . 3 5  - 2 . 1 0  

Biochemical Oxygen Demand 3 7 0  - 1 , 9 2 0  

Chemical Oxygen Demand 4 0 0  - 3 , 0 0 0  

Chlorides 1 7 , 23 0 - 2 1 , 0 0  

Total Dissolved Solids 2 1 , 7 0 0  - 4 0 , 4 0 

Suspended Solids 

Effluent - 60 

Influent 3 0  - 7 5  

O i l  and Grease 56 - 3 59 

*Some data reflect treated waters for reinj ection . 

SOURCE : Environmental Protection Agency , "Development Document 
for Interim Final Ef fluent Limitations Guidelines and Proposed New 
Source Performance Standards for the Oil and Ga s Extraction , "  Septem­
ber 1 97 6 .  
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c .  S u r f a c e  Wat e r  D i scharges  

S u r f a c e  wa t e r  d i s cha rge s are control l ed b y  s ta te and f e d e r al 
NPDE S  pe rm i t s . The compa t ib i l i ty o f  the d i sch a rg e d  p rod uced wa t e r  
a n d  t h e  r e c e i v i ng s u rfac e wa t e r  de te rm i n e s  whe t h e r  t h i s  type o f  
d i s po s a l  i s  e nv i ronme n tal l y  a c ceptab le .  Some prod u c ed wa t e r  c a n  b e  
d i s ch a rg e d  i n to b ra c k i s h  coa s t al wa t e rs a n d  the  a l ka l i ne l akes  
found in  the sou t hwe s t e rn s ta te s . Prod uced wa t e r  w i th ve ry l ow 
s a l t  con t e n t  can b e  d i s cha rged to s u r f a c e  ponds and s tre ams . I n  
e i the r ca se , s ta t e  o r  fed e ral age n c i e s  l im i t  the O&G c o n t e n t  i n  the 
d i scha rged prod uced wate r .  The f e d e r a l  r e g u l a t ions a l l ow up to 7 2 
mg/ 1 of O&G a s  a da i l y  max i mum; s ta te l i mi t a t ions v a ry .  

2 .  Pol l u t ion P reve n t ion 

I n  mos t ca se s , prod uced wa t e r  that is  r e i nj e c t ed unde rg round i s  
never e xposed to the  s u r f a c e  e nv i ronmen t .  I t  i s  pro d u c e d  from a n  
o i l  or g a s  we l l ,  s ep a r a t ed f rom t he o i l a nd ga s throu g h  s u r f a c e  
proc e s s i ng eq u i pme n t , a nd re i n j e c t e d  unde rground i n  a cont i nuous  
ope ra t io n . 

Whe n  prod uced wa t e r  i s  d i sposed of und e rg round i n  a s a l t  wa t e r  
d i spos a l  s ys tem , o i l  r e moval i s  max i m i z e d  for two r e a sons : f i rs t ,  
the o i l  i s  a v a l uab le prod uct and e conom i c s  fo rce max i mum r e c ove ry ; 
and sec ond , o i l  i n  pro d u c ed wat e r  h a s  a t e ndency to r e d u c e  the  
po ros i ty of  the  d i s po s a l  f o rma t ion . Once res t r i c t ed , d i s po s a l  
capa c i ty i s  e x pe ns i ve t o  res tore . 

Whe n  wa s te wa te r  i s  d i s ch arged to s ur f ace wa t er s , the  pr imary 
concern is m i n im i z i ng the amou n t  o f  O& G .  S i nce t h e r e  i s  amp l e  
space c ompared to o f f s hore prod u c t ion pla t fo rms , l arge tanks o r  
s ur fa c e  impo undme n t s  are  u s ed to al low t he wa t e r  and o i l  to 
separa te to e n v i ronmen t a l l y  acceptable l e ve l s . 

3 .  Sp i l l  I nc i d e n ts 

Acc id e n t a l  s p i l l s  o f  o i l  and/or prod uced wa t e r  are  m i n imi zed by 
g ood ope r a t i ng prac t i c e s . For e x amp l e , s ur f a c e  impoundme n t s  a r e  
u s ed t o  pro v i d e  emergency s torage f o r  l arge vol ume s o f  p rod uced 
wa te r . Au toma t i c  dev i c e s  are  a l so used  to prev e n t  a c c id e n t a l  
s p i l l s . H i g h - l e ve l  a l a rm s  i n  tanks a l e r t  oper a to r s  t h a t  a n  o i l  or 
produced -w a te r  t a nk w i l l  ove r f l ow if  q u i ck a c t i o n  is  no t taken . 
Low-pre s s ure a l a rms w i l l  a l e r t  them t h a t  t h e re i s  a l e a k  i n  a n  
u nd e rg round i n j e c t io n  l i ne . Ot her sys tems a u toma t i c a l l y  c lo s e  a 
f u l l  tank and s h i f t  o i l  or prod uced wa ter to an emp t y  one . M i no r  
l eaks f rom v a l ve s  and f i t t i ng s  are  e a s i l y  r e c og n i ze d  and repa i r ed 
be fore they pre s e n t a s a f e t y  or e nv i ronme n t a l  h a z ar d . Blowo u t s 
some t ime s occur wh e n  a we l l  i s  be i ng worked o n  to r e s to re o r  in­
crease  prod uc t ion . A d e s c r i p t io n  o f  BOP techn ique s i s  conta i n e d  
i n  t h e  Ind u s t ry Ope r a t ions s e c t ion o f  th i s  chapte r . 
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C .  N a t u r a l  Gas Proce s s i ng P l a n t s  

1 .  Typ e s  o f  D i s ch a rg e  

Th e r e  are f ive type s o f  l iquid  wa s t e s  t h a t c o u l d  b e  d i scharged 
from a na t ur a l  g a s  plant s i te . The f i r s t  o f  t h e s e  i s  p roce s s  
wa te r ,  wh i ch i s  conta ined as  a vapo r  i n  t h e  r aw g a s  a n d  i s  con­
d e n s ed and separated f rom the gas d ur ing proce s s i n g . Th i s  proc e s s 
wa ter us ua l ly conta i n s  sma l l  amoun t s  o f  O& G a nd may a l so c o n ta i n  
d i s so lved H 2S ,  C 0 2 , a n d  corros ion inh i b i tor s . Separa ted pro-
c e s s  wa te r is u s ua l ly p i pe d  to a s e pa r a t ion p i t ,  pond , or tank f o r  
g r av i ty separa t ion o f  O&G . 

The second type o f  wa s te d i scharge i s  the  l i q u i d s  per iod i c a l l y  
d ra i ned from bo i l e r  bot toms t o  e l im i n a te d i s so l ved so l id s  a nd sed i­
men t s  f r om the s t e am s y s t em . The s e  bo i l e r  bl owd own f l u i d s  have 
h ig h  concen tr a t i o n s  o f  d i s so lved so l id s  and conta i n  sma l l  amoun ts 
of  corros ion and s c a l e  inh i b i tors , a s  we l l  a s  a n t i - foami ng agen t s . 
The s e  f l u i d s  are g e n e r a l l y  p i ped to the separ a t i o n  p i t  o r  po nd to 
be d i s posed of wi th the proce s s  wa te r . Bo i l e r s  t h ro ughout  t h e  o i l  
i nd us t ry are s l ow l y  b e i ng repl aced w i th more e f f i c ie n t  d i r e c t l y  
f ired hea ter s . 

The th i rd type o f  wa s t e  d i s charge i s  wa t e r  f r om c oo l i ng tower s .  
The cool i ng towe r i s  u t i l i ze d  for many f un c t i o n s  i n c l ud ing the 
cool i ng o f  the gas s tre am to i n i t i a te the  cond e n s a t i o n  of l iq u i d s . 
The cool i ng- towe r bot toms are pe r iod i c a l ly b l ed o f f  to remove ac­
cumula ted d i s so l ved so l id s  and sed imen t s . The s e  wa t e r  b l e e d s  are 
general l y  h ig h  i n  d i s so lved sol id s ,  a re a l k a l i n e , c on ta i n  v a ry i ng 
amo un t s  o f  corro s ion and s c a l e  inh i b i tors , a nd may con t a i n  trace s 
o f  o i l  from l e aky e x chang e r s . The r e  i s  a l ar g e  amoun t  o f  e v apo ra­
t ion l o s s  in coo l i n g-towe r  ope r a t ion and make up wa t e r  m u s t b e  
cont i nu a l ly ad d ed . Li ke bo i l e r s , c oo l i ng towe r s  a r e  s l ow l y  b e ing 
pha sed o u t  and r e p l ace d , where po s s i b l e , wi th e a s i e r  to ope r a t e  
a ir-coo led ex chang e r s . 

The fourth type o f  wa s t e  d i scharge i s  j a c ke t  wa te r . Ja cket 
wa t e r  cool ing sys tems are u s ed to cool comp re s s o r s , p umps , and 
e ng i n e s  in gas p l a nt s . The s e  cool ing sys t ems are  g e n e r a l l y  " c losed 
sys tems " and only d i scharg e  wh en there are  sma l l  l e aks and/or 
equi pme n t  f a i l ure s .  Th e d i s c h arge wa ters  i n  the s e  s y s tems u s u a l l y  
conta i n  sma l l  amoun t s  of  corro s ion and s c a l e  i nh i b i to r s . 

The f i f t h  type o f  wa s te d i s charge i s  s ur f ac e  r uno f f  f rom r a i n­
f a l l on the pl an t s i te a nd f rom l iq u i d  l e ak s  w i th i n  the p l a n t  are a . 
Surface r uno f f  u s u a l l y  conta i n s  smal l quan t i t i e s  o f  O & G  and smal l 
amoun t s  o f  s u l f ur compound s ,  i f  the r aw f i e ld g a s  i s  sour and 
requ i r e s  H 2 S tre a tme n t . 

2 .  Po l l u t ion Preve n t ion 

Impo undme n t  i s  the pr imary me thod of con ta in i ng d i s c h a r g e s  f rom 
a g a s  pl a n t  s i te . Impo undme n t  u t i l i ze s d i ke s ( be rms ) a ro u nd the 
proce s s  are a to c a tch and d iv e r t  l iq u i d s  i n to a c a tc h  ba s i n o r  the 
s epa r a t io n  p i t o r  po nd . Th e sepa r a t i o n  po nd prov i d e s  tempo rary 
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s tor age for t h e  l iq u id r uno f f s  and a l so prov id e s  for s e pa r a t ion o f  
O& G f rom the wa t e r  d i s c h arge s .  Au toma t i c  d e v i c e s  mon i to r  pr e s s ur e s  
a nd l iqu id l e ve l s  w i t h i n  the  proce s s  equ i pmen t  a n d  s ou nd a n  a l arm 
i f  mal f un c t i o n s  occur . If d e s i red , equ i pmen t c an be automa t i c a l l y 
shu t  down i n  a n  eme rg ency . 

3 .  Wa s t e  D i spo s a l  

Me t hod s o f  d i s po s a l  o f  l iq u i d  wa s te s  c o l l e c ted i n  t h e  separ a­
t io n  p i t  o r  po nd d epend upo n the amou n t  col l e c te d . I f  o n l y  smal l  
vol ume s  are c o l l e c te d , the  l iq u i d s may e va po r a t e  o r  per iod i c a l l y b e  
haul ed t o  a s t a te- a pproved d i spo s a l  s i te b y  v a c u um trucks . Ga s 
plan t s  tha t col l e c t mod e r a te to l arge vol ume s for d i spo s a l  e i the r 
d i scharge i n to a ne arby r iv e r  or use s ub s ur f a c e  i n j e c t i on/d i spo s a l . 
River d i s c h a rg e  requ ire s a n  N P DE S  pe rm i t f rom a s t a te ag ency and/or 
E PA .  Sub s ur f a c e  i n j e c t io n  may b e  more , f e a s i b l e  i f  the  g a s  p l a n t  i s  
s i ted i n  a n  o i l  f i e l d  wher e  d i s po s a l  we l l s are ava i l a bl e . A wa s t e  
i n j e c t i o n/d i spo s a l  pe rm i t f rom a s t a te ag ency i s  requ i red f o r  th i s  
type o f  d i s po sa l . 

Di scharge l im i ta t ions  are  g e ne r a l l y  e x pre s s ed a s  O & G  conten t ,  
p H ,  b io l og i c al oxyg e n  d emand , chem i c al o xyg e n  d emand , a nd to t a l  
s us pe nd ed sol id s .  The s e  l im i t a t ions are s e t b y  the  appropr i a t e  
s ta te perm i t t i ng ag e ncy and/or E PA .  

4 .  Sp i l l  I nc id e n t s  

I n  n a t ur a l  g a s  pl a n t s  there a r e  g e n e r a l l y  two type s o f  i n c i­
d e n t s tha t could c a us e  pol l u t io n  o f  a n e arby wa te rway : equ i pmen t 
f a i l ur e s  and/or impoundme n t  over f l ows . Vi s u a l  i n s pe c t i o n  and 
a u toma t i c s en s i ng d ev i ce s , with a l a rms , a l low ope r a to r s  to qu i ck l y  
reac t t o  an equ i pme n t  fa i l u r e  or a n  impo undmen t  ove r f l ow a nd s h u t  
of f t h e  f l ow a nd i n i t ia te r eme d i a l  a c t io n . 

D .  F e d e r a l  and S ta t e  Re g u l a t ions 

Mos t  o i l  and ga s d r i l l i ng and prod uct ion a c t i v i t ie s  are  re g ­
u l a ted by a myr i ad of  f e d e r a l  and s t a te ag e n c i e s . On f e d e r a l  
l a nd s , agenc i e s  s uch a s  the  B LM ,  USGS , Na t io n a l  Par k  Serv i c e , a nd 
the B IA h av e  r eg u l a to ry r e spo n s i b i l i ty f o r  o i l and g a s  d r i l l i ng and 
prod uct ion ac t iv i t ie s . In ad d i t io n , o i l -prod uc i ng s ta te s  a l so have 
r eg ul a to ry ag e n c i e s . For e x ampl e :  

• Te xa s  - - Te x a s  Ra i l road Comm i s s ion 

• Ok l ahoma - - Okl ahoma Co rpo r a t ion Comm i s s io n  

• Lo u i s i a n a  - - Lo u i s i a n a  De pa r tm e n t  o f  Na tur a l  Re so u r c e s  

• Cal i fo rn i a  - - C a l i fo r n i a  De par tme n t  o f  Co n s e rv a t io n , 
D i v i s ion o f  O i l  and Ga s .  

The se age nc ie s d e r ive the i r  r e g u l a to ry powe r s  f rom t h e  n umerou s 
f ed e r a l  and s ta te e nv i ronmen ta l  s t a tu t e s  tha t have been enac ted i n  
the pa s t  2 0  ye ar s . Some s ta te s  have reg u l a te d  wa s te d i s c h a rg e s 
s ince the 1 9 3 0 ' s  throug h o i l  and g a s  conserv a t i o n  s t a t u te s . 
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1 .  Reg u l a ted D i s charges 

Di scharg e s  of  wa s t e s  i n to the mar i n e  env i ro nmen t  are r eg u l a te d  
through t h e  f e d e r a l  C l e a n  Wa t e r  Ac t N P D E S  prog r am a n d  t h ro ugh 
var ious s t a te-e nac ted s ta t u te s . Ea ch N PDE S p e rm i t  i s  approved and 
g ranted s ub j e c t  to several  opera t i ng cond i t ions  s uc h  a s  wa s te 
volume l im i ta t ions , i nd iv i d u a l  po l l u ta n t  l im i ta t io n s , a nd mon i tor­
i ng and r e por t i ng requ i r ement s .  Vio l a t ion o f  any N P DE S pe rmi t 
c ond i t ion s ub j e c ts the d i sc harger to c iv i l or c r im i na l  penal t i e s  
and pos s i b l e  p e rm i t r evoc a t ion . 

2 .  Dredge and F i l l ( Se c t i on 4 0 4 ) P e rm i t s  

Sec t i o n  4 0 4  o f  t h e  C l e a n  Wa ter Ac t proh i b i t s  t h e  d i s ch arge o f  
d redge or f i l l  ma te r i a l  i n to nav igable  wa t e r s  o f  the Un i ted S t a t e s  
wi thout a pe rmi t ,  a n d  s e t s  forth t h e  u.s. Army Corps o f  Eng i n e e r s  
a s  t h e  pe rm i t t i ng ag ency . Th us , a lmos t  any c o n s t r uc t ion ac t i v i ty 
i n  a pond , l ake , r ive r , we t l and , or s a l t marsh , w i l l  requ i re a 
Sec t io n  4 0 4 p e rm i t . Th e Co rps requ i r e s  d e ta i l ed e ng i ne e r i ng and 
s i te plans , and a comprehens i ve d e s c r i p t i o n  o f  t h e  d re d g e  or f i l l  
mater ial  and i t s  hand l i ng . If the propo sed ac t iv i ty h a s  a s u b s tan­
t i a l  e n v i ronme n t a l  e f f ec t , m i t iga t io n  me a s ure s may be requ i re d . 
The Co rps no t i f i e s  o t h e r  federal , s ta te , a nd l o c a l  ag e n c i e s  o f  a l l  
permi t appl i c a t i o n s  t o  sol i c i t  the i r  rev i e w  and c ommen t s  p r i o r  to 
approva l .  The imp l eme n ta t io n  of Se c t io n  4 0 4 of the C l ean Wa t e r  Ac t 
by the Co rp s  h a s  r e s u l ted i n  unj u s t i f ied  d e l ay s  i n  the d r i l l ing 
of many o i l and gas we l l s . 

Ac t i ng p ur s ua n t  to Se c t io n  4 0 4 ( q )  o f  t h e  C l e a n  Wa t e r  Ac t a nd 
the F i sh and Wi l d l i fe Coord i n a t ion Ac t ,  the  Corps h a s  e x e c uted MOU 
wi th the u.s. F i sh and W i ld l i f e  Serv ic e , the Na t iona l Mar ine 
F i she r i e s  Se rv i c e , and E PA .  Th ese memorand a s e t o u t  the proc e d u r e s  
tha t e ach o f  the  agenc i e s a r e  to f o l l ow i n  r e v i e w i ng e nv i ronme n t a l  
cons id e ra t ions of  Se c t ion 4 0 4 perm i t  appl i c a t i o n s . In s p i te o f  the 
4 0 4 ( q )  goal that p e rm i t s  be i s s ue d  w i th i n  9 0  d ay s  of the  p ubl i c  
notice  o n  e ach pe rm i t ,  the MOU prov i d e  f o r  a s  much a s  3 0 0  work i ng 
d ays to r e s o l ve i n teragency con fl i c t s . The re s u l t  i s  t ha t , e ve n  
for proj e c t s  that  have a re l a t iv e l y  m i no r  env i ronme n ta l  impac t ,  
much more than 9 0  days e l apse be fore a d e c i s ion i s  r e ached on many 
p e rm i ts . 

The se d e l ays c a u s e  ma j o r probl ems : 

• An ope r a to r  may b e  obl iged to accept onerous  e nv i ro nme n ta l  
requi reme n t s  t o  avo id pro j e c t  d e l ay s . Rig s c h e d u l e s  and 
l ease ob l ig a t io n s  some t ime s force the ope r a t o r  to do so . 

• I f  the ope r a to r  choose s to put  o f f  the d r i l l i ng o f  a we l l  
wh i l e  wa i t i ng for a re so l u t ion o f  e n v i ronme n t a l  ob j e c t ions , 
he  f a c e s  i n te r r upted r ig sched u l e s , d e l ay s  i n  d r i l l ing 
pr ior i ty we l l s , and d e f erred o r  l o s t  prod uc t ion . 

An approved p e rm i t w i l l  con ta i n  s e v e r a l  spec i f i c cond i t ion s ,  
s uc h  as m i t i g a t io n  me a s ur e s  to be unde r take n to pro te c t  the  
e n v i ronme n t . Vio l a t ion o f  the s e  cond i t ions  s ub j e c t s  the  p e rm i tee 
to pe nal t i e s  and po s s i b l e  pe rm i t revoc a t i o n . 
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3 .  O i l  Sp i l l  Repo r t i ng , C l eanup , and S p i l l  P r e ve n t i o n , 
Control  and Coun t e rme a s u re P l a n s  

The C l e a n  Wa t e r  Ac t Se c t i o n  3 1 1 empowe r s  E PA t o  d ev e l op r e g ul a ­
t ions to pro t e c t  t h e  env i ro nme n t  from d i sc ha rg e s  o f  o i l . E PA 
reg u l a t ions requ i r e  on shore and o f f shore d r i l l i ng and prod uc t io n  
fac i l i t i e s  t o  repo r t  t he d i scharge o f  o i l  in  s u c h  quan t i t i e s  a s  may 
be h a rmf u l . E PA h a s  d e f ined a r e por table quan t i ty a s  tha t amo un t  
o f  o i l  tha t wi l l  c a u s e  a sheen . 6 l  Oi l sp i l l ed onshore tha t may 
reach a n a v i g a b l e  wa t e r  mu s t  a l so be re por ted , even i f  the o i l  
e n t e r s  a d ry c reek b ed and never touche s wa te r . Oi l s p i l l s and 
S PC C  pl ans are d i s c u s s ed in d e ta i l  i n  Chapt e r  S i x . 

E .  S pe c i a l  E nv i ro nme n t a l  Cons i d e r a t ions  

The r e  are c e r t a i n  g e og raph i c  are a s  tha t requ i r e  s p e c i a l  e nv i ­
ronmen ta l  con s id e r a t io n s  d ue to the i r  c l o s e  pro x im i ty t o  we t l a nd s , 
lake s , s tr e ams , and f l ood pl a in s . 

l .  We t l and s and Lake s 

Dr i l l i ng and prod uc t io n  a c t iv i t ie s  on o r  nex t  to we t l and s o r  
l ake s u s ua l l y  requ i r e  Sec t io n  4 0 4  pe rm i t s  i n  add i t io n  t o  the  ro u ­
t i n e  ope r a t i ng p e rm i t s . Ac t i v i t ie s  i n  the s e  l o ca l e s  wi l l  r e q u i r e  
pre c a u t ions t o  pr eve n t  pol l u t io n  o f  ne arby wa t e r s .  The s e  ac t iv i­
t ie s  a r e  u s ua l ly hand led l ike o f f shore l oc a t io n s , r a t h e r  than 
onshor e . Ex tra prov i s ions for s i te con ta i nmen t , N P DE S  p e rm i ts for 
d i scharg e s , a nd prov i s ions  for o f f s i te d i spo s a l  of d r i l l  c u t t i n g s  
may be requ ired . 

2 .  S t r e ams and F lood P l a i n s  

Dr i l l i ng and prod u c t ion ac t iv i t i e s  n e a r  s tr e ams a nd i n  f l oo d  
p l a i n s  r eq u i r e  s t r i c ter- t han-normal prov i s i o n s  fo r o ns h o re and 
upl and s i te con ta i nmen t  to preven t  the r e l e a s e  of wa s t e s  i n to t h e  
nearby wa te r s . Lo c a t io n s  n e ar s t re am s  wi l l  requ i re N PD E S  p e rm i ts 
for s i te d i scharge s . Loc a t ion s i n  f l ood p la i n s  w i l l  r e q u i r e  s i te 
c on ta inm e n t  prov i s ions  t h a t  are s u f f i c i e n t  to coun t e r  the  e f fe c ts 
o f  2 5 - t o  1 0 0 -ye a r  s to rms , d epend i ng on the  i nd i v i d u a l  l oc a t io n  and 
s ta te r eg u l a t io n s . 

I I .  O f f shore E xp l o r a t ion and Deve l opmen t  Dr i l l i ng 

A .  Type s o f  D i s ch a rg e s  

Dr i l l i ng d i s c ha rg e s  f rom we l l s  l oca ted i n  s t a te wa te r s  a r e  con­
trol l ed by the  r e s p e c t i ve s ta te r e g u l a to ry ag enc i e s ,  s uc h  a s  t h e  
Te x a s  Ra i l road Comm i s s io n  and t h e  Lo u i s iana De pa r tme n t  o f  Na t u r a l  
Re so urce s .  Dr i l l i ng d i scharges  i n to OC S wa t e r s  a r e  r e g u l a ted by 
three ag enc i e s : BLM , USGS , and E PA .  BLM e x e rc i s e s  i ts a u th o r i ty 
t h rough s t i p ul a t io n s  i n  OC S l e a s e  ag re eme n t s , USGS u t i l i ze s  OC S 
Ord e rs , and E PA u s e s  N PDES p e rm i t s . 
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The wa s te s  d eve l oped d u r ing d r i l l i ng may b e  c l a s s i f i e d  a s  
e i th e r  d i scharge abl e ( d i scharged overboard t o  t h e  mar i n e  e nv i ro n­
men t )  o r  nond i sc ha rg e ab l e  ( t ran spo rted to shore f o r  on- l and d i s­
pos a l ) .  The ove rboa rd d i s charge s con s i s t  o f  wa te r-ba s e  d r i l l i n g  
mud s and forma t io n  c u t t i ng s , d e ck d ra inage wa te r , c oo l i ng wa t e r , 
dome s t i c  wa s te s , and s a n i t a ry wa s te s . 

1 .  Dr i l l ing Mud s 

The types of  forma t ions e ncountered wh i le d r i l l i ng and t he i r  
press ures are the ma j o r  f ac tors t h a t  d e t e rm i ne the type s o f  mud s 
u s ed . I n  o f f s hore ope r a t ions , wa t e r  b a s e  d r i l l i ng muds  a r e  nor­
ma l ly u sed . Th e s e  low t o x i c i ty mud s are  d i sch a rged ove rbo a rd i n  
ac corda n c e  w i th app l i c ab le s ta t e  o r  federal  r eg u l a t i o n s  unde r the  
l i mi ta t io ns set  fo r t h  i n  i nd i v id ua l  N P DE S  o r  s ta t e  pe rm i t s . EPA i s  
i n  the f i n a l  s t ages o f  i s s u i ng gene r a l  NPDES pe rm i t s  for c e r t a i n  
non- e nv i ronme ntal ly s e ns i t ive po r t ions o f  t h e  G u l f o f  Mex i c o . 
These pe rmi ts prov ide for ove rboard d i s c h a rg e  o f  d r i l l i ng muds and 
d r i l l  cu t t i ng s  w i th a l i m i t a t io n  of  " no free o i l '' c o n tr o l l i ng t he 
d i s ch a rg e . Di scharges occur  da i l y  a s  t h e  mud s ys t em i s  kept i n  
b al a nce for d r i l l i ng ope rat ions . B u l k  mud d i s c h a rg e s o c c u r  w h e n  
the  mud type mu s t  b e  changed to me e t  new d r i l l i ng cond i t io n s  o r  
wh e n  d r i l l i ng ope r a t i o ns a re compl e ted . Nume rou s s tud i e s h ave 
shown that these d i s ch a rg e s  h ave l i t t le o r  n o  impa c t  on the  
rece iv i ng wa t e rs . 6 2 , 6 3 , 6 � 

2 .  Dr i l l  C u t t i n g s  

Dur i ng d r i l l i ng , mud i s  c i rcul a ted down the d r i l l  s t r i ng and 
through the b i t ,  whe r e  i t  p i cks up the  c u t t i ng s  a t  the b o t t om o f  
the hol e  and carr i e s them back to the s u r f a c e  throug h the annu l u s  
be tween the d r i l l  s tr i ng and the wal l s  o f  t h e  bore hol e  o r  c a s ing . 
The mud i s  then  pa s sed through so l id s  r emov a l  equ i pmen t  ( a  sys tem 
o f  shale shaker s c r e e n s  and h yd rocyclone s )  to r emove the c u t t i ng s , 
a f ter wh i ch i t  i s  re tur ned to the mud tanks for r e c i r cu l a t io n . The 
rate o f  d i scharge may r ange f rom 0 . 2 t o  2 . 0  c ub i c  me t e r s  per hour 
( 1  to 1 0  bar re l s  pe r hou r ) ,  d epend ing on the d r i l l i ng r a te . Th e 
d r i l l  c u t t i ng s  d i s c h a rged to the mar ine env i ro nme n t  c o n s i s t  o f  
sol id par t i c l e s  from the form a t ions pene t r a te d , e . g . ,  c l ay s , 
shale s ,  s a nd s ton e , and l ime s tone . Ch i p s  o f  rock c o n ta i n i ng no f r e e  
o i l are g e ne r a l ly d i scharged ove rboard i n  compl i a n c e  w i th appl i­
c able s ta t e  or federal r e g u l a t ion s and f a l l  to the  bot t om of t h e  
s e a  wi th i n  a f e w  m e t e r s  o f  t h e  d r i l l  s i te . 

3 . Dr i l l  C u t t i ng Wa shwa ter 

Pr ior to d i sc harg i ng the d r i l l  c u t t ing s ove rboard , t he c u t t i ng s  
are con t i nual ly wa shed w i th wa te r . Th i s  wa t e r  i s  t h e n  d i s ch a rg e d  
t o  the se a wi th t h e  d r i l l  c u t t i ng s . No f r e e  o i l  i s  a l l owed t o  b e  
d i scharged wi t h  the  d r i l l  c u t t i ng wa s h  wa t e r . 

4 .  Deck Dra i n  Wa t e r  

Ra i n wa t e r  a n d  wa s hd own wa ter are  d i scharged f rom t h e  d e cks o f  
t he d r il l i ng f a c i l i t i e s . Th e wa shd own wa t e r  i s  u s ed t o  ke ep wo rk­
i ng areas c l e an and s a f e . Ra inwa t e r  or wa s hd own wa t e r  c o l l e c te d  
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f rom curbed a r e a s , d r i p  pan s , o r  areas hav i ng mach i n e ry , wh i ch may 
b e  con t am i n a ted , are d i re c ted to a g r a v i ty separ a to r , r e f e rr ed t o  
a s  a s ump , a nd d i scharged through a sk imme r p i l e . The s e  d i s c h a rg e s  
are pe rmi t t e d  prov id i ng no free  o i l i s  d i s c h a rg e d . Ra i n wa te r  or 
wa shd own wa te r f a l l i ng o r  used o n  nonproc e s s  a r ea s , s uc h  as  p i pe 
racks , h e l i c op t e r  pad s , and s to r ag e  area s , i s  no rma l l y  d i s c harged 
w i tho u t  t r e a tme n t . 

5 .  S a n i tary Was te 

Di sc h a rg e s  f rom s an i tary wa ste fac i l i t i e s  norm al ly i n c l ud e  o n l y  
h uman body wa s te s . I f  trea ted i n  a u . s. Coa s t  Guard approved 
mar i n e  s an i ta t io n  d ev i ce ,  o ve rboard d i spo s a l  is a l l owed w i t ho u t  
f ur th e r  l imi t a t ion s . Oth e r  type s o f  san i ta t i o n  d ev i c e s  are  a l l owed 
to d i scharg e  ove rboard i f  an appropo r i a te c h l o r i n e  r e s id ua l  i s  
ma i n ta ined a s  requ i r e d  by the NPDE S  o r  s t a te p e rm i t s . 

6 .  Dome s t i c  Wa s t e  

Dome s t i c  wa s te s  i n c l ud e  d i s ch arg e f rom s i nks , showe r s , l a u n­
d r ie s , a nd g a l l ey s . The se d i scharg e s  d o  no t impa c t  the  e nv i ronmen t  
and are no t r e s tr i c te d . 

7 .  Cool i ng Wa t e r s  

Cool i ng wa ter no rma l ly con s i s t s  o f  onc e - t h rough s e a wa t e r  t ha t 
only c on t a c t s  the i n te rnal  s u r f a c e s  o f  the equ i pme n t to b e  cooled 
and thus i s  d i s c h a rged d i re c t l y  overboard . 

8 .  P rod u c e d  Wa t e r s  

The c h em i c a l  c ompo s i t ion o f  prod uced wa t e r  f rom o f f s hore wel l s  
i s  shown i n  Ta b l e  2 7 .  Prod uced o i l , wa te r ,  a nd g a s  a r e  col l e c te d  
a t  a c e n t r a l  fac i l i t y  ( e . g . ,  the prod uc t ion p l a t form ) for s epar a­
t io n . Th e o i l  a nd gas is  s h i ppe d to shore and the prod u c ed wa ter 
is  norma l l y  d i s c h a rged ove rboard . Und e r  s pe c i a l cond i t i on s , the  
f l u id s  may b e  p i pe l i ned to  shore pr ior to  separ a t i o n . Th e prod uced 
wa ter i s  then  d i s c ha rged ove rboard to coa s ta l  wa t e r s . 

A typ i c al o f f shore prod uced-wa ter t r e a t i ng f a c i l i ty c on s i s t s o f  
g r av i ty separ a t i o n  ve s s e l s  and a c l ar i f ie r .  The type a nd s i ze o f  
the treatme n t  f ac i l i ty are  contro l l ed by the vol ume and the e ase o f  
tre a t ab i l i ty o f  the  prod uced wa te r . Th i s  equ i pmen t  i s  d i s cu s sed i n  
the Indus t ry Ope r a t i o n s  s e c t ion o f  th i s  chapt e r . 

Th e d i s c h a rg e s  o f  prod uced wa te r are contro l l ed by s t a te and/or 
E PA N PDE S pe rmi t s . Th e E PA Reg io n  VI Gene r a l  Pe rm i t s  f o r  the  Gul f  
o f  Mex i c o  al l owed fo r ove rboard d i scharg e s  w i th a d a i l y  max imum o i l  
con t e n t  l im i ta t io n  o f  7 2  mg/ 1 . 

B .  A l t e rn a te D i spos a l  Me thod s 

Me thod s o t h e r  than ove rboard d i scharge h ave b e e n  con s id ered for 
d i spo sal of  d r i l l i ng mud and c u t t i ng s . Tr an spo r t i ng the s e  ma te­
r i a l s  to a n  author i zed ocean d ump s i te i s  one a l terna t iv e . Th e 
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TABLE 27  

Pollutants in Produced Water -- Texas Offshore 

Pollutant 
Parameter 

Arsenic 

Cadmium 

Total Chromium 

Copper 

Lead 

Mercury 

Nickel 

S i lver 

Z inc 

Phenols 

B iochemical Oxygen Demand 

Chemical Oxygen Demand 

Chlorides 

Total Dissolved Solids 

Suspended Solids 

Range ( mg/ 1 )  

< 0 . 0 1  - < 0 . 0 2  

<0 . 0 2 - 0 . 1 39 

< 0 . 1 0 - 0 . 2 3  

<0 . 1 0 - 0 . 3 8 

<0 . 0 1  - 0 . 2 2 

0 . 0 0 1  - 0 . 1 3  

<0 . 1 0 - 0 . 44 

<0 . 0 1  - 0 . 1 0  

0 . 1 0 - 0 . 27 

53 

1 26 - 342  

1 82 - 582  

2 , 0 0 0  - 6 2 , 0 0 0  

806 - 1 69 , 0 0  

1 2  - 6 5 6  

SOURCE : Environmental Protection Agency , "Development Document 
for Interim Final Effluent Limitations Guidelines and Proposed New 
Source Performance Standards for the Oil and Gas Extraction , "  
September 1 9 7 6 .  

add i t i onal ha z a rd s  o f  s ta nd by s to rag e v e s se l s  a t  t h e  d r i l l s i te , 
the r i s k  o f  c ol l i s ion s , the  los s d ue to he avy s e a s , a nd the  a i r  
pol l u t ion c a u sed by the transpo r t  v e s s e l s  ove r r i d e  the ad v a n tag e s  
o f  tran s po r t i ng f r om one s i te to another for d i s po s a l . 

The s ame r i s k s  are  e nc o un tered for tran s po r t a t ion to s ho re . 
Th i s  a l terna t iv e  wou l d  al so requ i r e  ad equa te l and d i spo s a l  f a c i l i­
t ie s . The s e  ma ter i a l s  f r om on shore d r i l l ing ope r a t ion s a r e  now 
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e xemp t  from control  b y  EPA und e r  the Re sou r c e  C o ns e rv a t io n  and 
Recove r y  Act of 1 9 7 6  ( RCRA ) . Howeve r , EPA i s  r e s pons ib le for 
e v a l u a t i ng the e nv i ronme ntal  i mpact o f  the l a nd d i spo s a l  o f  mud s 
a nd c u t t i ng s . 

Ano t h e r  me t hod o f  overboard d i scharge o f  d r i l l i n g  mud s a nd 
c u t t i ng s  i n  s e n s i t iv e  a r e a s  i s  r e l e a s e  throug h p i pe s  we l l  b e l ow the  
wa t e r  s ur fa c e . Th i s  m i n imi ze s the transpor t a nd t h e  chance for 
e nv i ro nmen tal  d am ag e . In some OCS s e n s i t iv e  a r e a s , s h un t i ng i s  
r eq u i re d . The r e  i s  d eb a te about the  e f fe c t ivene s s  o f  t h i s  me thod , 
d ue to the r ap id d i l u t io n  once the d i sc harge e n t e r s  the  wa t e r  
d ur i ng the  s ur fa c e  d i scharge proce d ure s .  Furthe rmor e ,  und e rwa t e r  
r e l ease cos t s  upwa rd s o f  $ 1 0 0 , 0 0 0 p e r  we l l  and c r e a te s some s a f e ty 
prob l ems d ur i ng h e avy s to rms . 

C .  S p i l l  I nc i� e n t s  

Pro te c t io n  o f  t h e  o f fs hore mar in e  e n v i ro nme n t  requ i r e s  tha t 
e qu i pmen t  b e  prope r l y  m a i n ta ined . In ad d i t i o n , s ta te and f e d e r a l  
r eg ul a t ion s ( e . g . ,  USGS -OC S  Ord e r s ) r eq u i r e  t h a t  f ac i l i t ie s  b e  
ma i n ta i ned a n d  i n spec ted . Oi l s p i l l s , s ho u l d  t h e y  o c c u r , m u s t  b e  
reported to the  U S G S  a nd the Na t io n a l  Re s po n s e  Cen te r . Furthe r­
more , the USGS requ i re s  t h a t ope r a tors prepare an Oi l Sp i l l  Co n­
t i ng e ncy Pla n . Th i s  p l a n  mu s t  con ta i n a d e s c r i p t i o n  o f  proce d ure s , 
personne l , a nd equ i pme n t  t h a t  wi l l  be used to c l e an up and prev e n t  
the spread o f  a n y  pol l u t i o n  re s u l t i ng f rom a n  o i l  s p i l l . Th e r e  are  
at  l e a s t  9 3  c oope r a t i v e s  for ma i n ta i n i ng o i l  sp i l l  conta i nm e n t  and 
c l e anup equ i pmen t  at  s tr a t e g i c  po i n t s  a lo ng the  c oa s t  of  t h e  Un i te d  
S t a t e s . 

D .  F a t e  and E f fe c t s  o f  Dr i l l i ng F l u i d  D i s c h a rge d  to C oa s t a l  
and O f f shore Wa t e r s  

1 .  F a te o f  D i s ch a rged D r i l l i n g  F l u i d  a nd C u t t i n g s  

a .  Amou n t  o f  F l u i d  a n d  C u t t i ng s  D i s ch a rg e d  

Mo s t  o i l and g a s  wel l s  h ave d i ame t e r s  t h a t d im i n i sh i n  s tage s  
w i th the i r  depth . Us ua l ly ,  e ach segme n t  i s  l i ned w i th s t e e l  c a s i ng 
tha t i s  anchored to t h e  bore hol e wal l w i th c emen t .  The c a s i ng pr e ­
v e n t s  col l apse o f  t he ho l e  and t h e  uncon t ro l l ed f l ow o f  f l u id s  i n  
o r  o u t  o f  t h e  we l lbore . 

Tabl e  2 8  s hows the typ i c a l  hole s i ze s  fo r 1 0 , 0 0 0 - and 2 0 , 0 0 0 -
foot we l l s , a nd the volume s o f  rock r emoved i n  d r i l l i ng e ac h  
s eg me n t . No te t h a t d o ub l i ng the  d e p t h  t r i pl e s  the  amo u n t  o f  rock 
r emoved , a nd tha t the i n c r e a s e  occurs ma i n l y  in the s h a l l ow p a r t o f  
t h e  we l l . 6 5  Dur i ng d r i l l ing , the s e  c u t t i n g s  a r e  s pr a ye d  w i th 
c le a n  wa t e r  a s  t hey move over the v i br a t ing shake r s c r e e n s  i n  o rd e r  
to wa sh o f f  t h e  m ud . The n  they are d i scharged n e a r  t h e  wa t e r  
s ur f ac e , wh e r e  t h e y  f a l l  in  a pa ttern s ur round i ng the d i scharge 
po i n t , d epend ing upo n  wa t e r  c urrent and  par t i c l e  s i ze . The l arge r 
p ar t i c l e s  fal l c lose to the so urce , wh i l e  f i n e r  c u t t i ng s  and so l id s  
are d i s tr i bu ted to g re a te r d i stance s . In the  Gul f  o f  Mex ic o , t h e  
pattern  wa s observed a n d  pho tog raphed . 6 6  In 2 6 me te r s  o f  wa t e r  
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TABLE 2 8  

Hole Size and Casing Program for a Deep Well 

Approximate 
Interval 

Drilled ( ft ) *  

0-5 0 0  
5 0 0 - 1 , 0 0 0  

1 , 0 0 0-3 , 0 0 0  
3 , 0 0 0- 1 2 , 0 0 0  

1 2 , 0 0 0 - 1 5 , 0 0 0  
1 5 , 0 0 0-2 0 , 0 0 0  

0 - 1 0 0 § 
0-500  

5 0 0-3 , 0 0 0  
3 , 0 0 0 - 1 0 , 0 0 0  

Hole Size  
( in . ) 

36 
26 
1 7- 1 /2 
1 2 - 1 /4 
8-3/8 
6- 1 /2 

1 7 - 1 /2 
1 2 - 1 /4 
8-3/4 

Casing 
Size  
( in . ) 

For 

3 0  
2 0  
1 3 -3/8 

9-5/8 
7-5/8t 

5- 1 /2 t 

For 

2 0  
1 3-3/8 

9-5/8 

Cased 
Interval 

l!!.L 
2 0 , 0 0 0-Foot Well 

0 - 5 0 0  
0- 1 , 0 0 0  
0-3 , 0 0 0  
0 - 1 2 , 0 0 0  

1 2 , 0 0 0 - 1 5 , 0 0 0  
1 5 , 0 0 0-2 0 , 0 0 0  

Total 

1 0 , 0 0 0 -Foot Well 

0 - 5 0 0  
0-3 , 0 0 0  

Total 

*These depth intervals may be decreas ed or increased .  
tLiner . 
§conductor pipe , pile drive to normal refusal . 

Vo lume Interval 
Drilled 

( cu ft ) ( bbl ) 

3 , 5 3 4  62 9 
1 ' 859 33 1 
3 , 3 69 6 0 0  
7 , 42 8  1 ' 32 2  
1 '  1 5  7 2 0 6  
1 , 1 62 2 0 7 

1 8 , 5 0 9  3 , 2 95 

835 1 49 
2 , 0 46 365 
2 , 923  520  

5 , 80 4  1 ' 0 3 4  

SOURCE : Monaghan et al . ,  " Environmental Aspects o f  Drilling Muds and 
Cuttings from Oil and Gas Operations in Offshore and Coastal Waters , "  Proceedings , 
Offshore Technology Conference ,  1 9 7 7 .  

and slow c urrent s ,  new c u t t i ng p i l e s  we re f ou nd o n e  me t e r  h i gh and 
5 0  me ters  in d i am e te r . The areal outl i n e s  we r e  c i r c u l ar , e lon­
gated , or s ta r b ur s t , d e pe nd i ng u pon the c urren t s . 

b .  F a te o f  Dr i l l  C u t t i ng s  

In are a s  w i th s t rong t id a l  c urren t s , c u t t i ng s  become w i d e l y  
d i spe r sed q u i ck l y . I n  the l owe r Cook In l e t , u n d e rwa t e r  te l ev i s ion 
exami n a t io n  o f  the  l oc a l  s e a  f loo r imme d i a te l y  a f te r  d r i l l i ng 
showed no ac cumul a t ion o f  c u t t i ng s , a nd b a r i um l ev e l s  we r e  only 
sl ightly e l eva te d . 6 7  Bo t tom s ampl e s  ind i c a ted t h a t the  s e a  floor 
wa s s u f f i c i e n t l y  mob i l e  to  m i x  c u t t i ng s  to a d e p t h  of  at  l e a s t  1 2  
cent ime ters a t  the e nd o f  d r i l l ing . Le s s  t h a n  1 0  p e r c e n t by we igh t 
o f  c u t t i ng s  wa s found i n  0 . 5 -cen t imeter se c t i o n s  o f  t h e s e  s ampl e s . 
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Storm s  eve n t ua l ly d i spe r s e  c u t t i ng p i l es i n  r el a t iv e l y  s h a l l ow 
wa ter . In the Gu l f  o f  Me x ico , no c u t t ings  we r e  f ound b e n e a t h  pro­
d uc t i o n  pl a t fo rm s  i n  approx im a t e l y  2 0  me t e r s  o f  wa t e r  a f t e r  1 0  to 
1 5  ye a r s . 6 8 , 6 9 In t wo Ca l i forn i a  s t ud ie s , s i x -me te r-h igh p i l e s  
o f  c u t t i ng s  we re found under  two pl a t fo rm s . 7 0  The se c u t t i ng s  
wer e  mor e  re s i s t a n t  to we ather ing , breakd own , a nd d i sper s a l  t h a n  
Gu l f  o f  Me x i co sed imen t s . 

Sim i l ar d i spe r s ions  o f  d r i l l c u t t i ng s  we r e  o b s e rv ed d u r ing the 
d r i l l i ng of a we l l  on the OC S o f  southern Ca l i forn i a . 7 1  Sub­
mar ine r e conna i s sance , sed imen t  g r ab sampl e s , and  c a l cu l a t i o n s  o f  
ave r ag e  current veloc i ty and wave energy s ub s ta n t i a ted the a b s e n c e  
o f  v i s i b l e  c u t t i ng s . Some c u t t ings  we re id e n t i f i ed i n  m i ne r a l ­
og i c a l  a n d  m ic ro scop i c  a n a lyse s o f  t h e  pos t-d r i l l i ng sed ime n t s  
c o l l e c ted n e ar the po i n t s  o f  d i scharge . 

c .  F a t e  o f  Dr i l l ing F l u id 

Du r i ng d r i l l i ng , e x t r a  mud i s  h e l d  i n  r e s e rv e  i n  the c ir c u l a­
t ion tank . The r e s e rve i s  u s ed a s  the vo l ume o f  t h e  we l l bor e 
i ncrease s .  Howe v e r , some t ime s the d r i l l i ng f l u id mu s t  b e  chang ed 
to c ope wi th i ncre a s e d  v i scos i ty and chang i ng c ompo s i t ion as the 
forma t io n s  b e ing d r i l led chang e . Th us , b u l k  d i s c h a rg e s  of d r i l l i ng 
f l u id are made per iod i c a l ly . Th i s  a l so o c c u r s  d ur i ng c emen t i ng 
o pe r a t ions , wh e n  the annu l u s  b e twe e n  the c a s i ng and we l l bore i s  
d i spl aced b y  c emen t .  F i n a l ly , there i s  a s i ng l e  d i scharge o f  
s urpl u s  d r i l l i ng f l u id whe n  the we l l  i s  c ompl e te d . Pe r iod i c  
d i scharge s d ur i ng d r i l l i ng are no rma l ly f rom 1 0 0 t o  3 0 0  b a r re l s , 
b u t  they c a n  be a s  h ig h  a s  2 , 0 0 0 barre l s , d epend i ng upon the d epth 
o f  the we l l . 

( i )  F i r s t  S tud i e s  of  Dr i l l i ng F l u i d D i s ch a r g e s  

Whe n  d r i l l i ng m ud i s  d i s charge d , two p l ume s are  forme d . Th e 
l owe r pl ume cons i s t s  o f  c u t t i ng s  wi th some ad h e r ing d r i l l f l u id s ; 
the upper pl ume conta i n s  s i l t  and c l ay tha t move w i t h  the uppe r 
wa t e r  curren t s . Co ncen t r a t ions o f  sol id s i n  mud d i sc harg e s  range 
f rom 2 0  t o  3 0  percen t ,  a nd the to t a l  vol ume o f  mud d i scharged ove r 
t he l i fe o f  a we l l  rang e s  from 1 , 5 0 0  t o  5 , 0 0 0  cub i c  me te r s  ( 1 0 , 0 0 0 
t o  3 0 , 0 0 0  barr e l s ) . 

Ear l y  s t ud ie s  d emo n s tra ted the rap id d i l u t io n  o f  t h e  d r i l l i ng 
f l u id s ur fa c e  pl ume . 7 2 , 7 3  Sampl e s  o f  s e awa t e r  we r e  col l e c te d  up 
and down c urrent  f rom a p l a t fo rm d r i l l i ng i n  6 0  f e e t of  wa t e r  i n  
the Gu l f  o f  Mex i co . 7 4  Suspe nded so l id s  to tal ed 3 50 , 0 0 0 mg/1 i n  
the re s e rvo i r  t a nk , 2 7 8  mg/1 a t  the wa ter s ur fa c e  above t h e  d i s ­
c ha rg e  po i n t ,  4 1  mg/ 1 a t  the sur face  1 0 0  me t e r s  d own curren t ,  a nd 
5 . 5 mg/1 a t  the s ur f ac e  2 0 0  me ters  d own c ur re n t , compared w i t h  5 . 2 
mg/1 me a s ured a t  the sur face  1 0 0  me ters  up c u r r en t . Wa t e r  s amp l e s  
c o l l e c ted a t  a 1 0  me t e r  depth and 1 0 0  and 2 0 0  me te r s  d own c urren t 
mea sured 1 . 5  and 1 . 1  mg/ 1 , r e spe c t iv e l y . 

Sim i l a r  observ a t io n s  we re mad e fo r 3 4  wa t e r  s amp l e s  col l e c te d  
near  the s ur f ace , a t  m i d-depth , a nd near  the bot tom up t o  2 0 0 
m e te r s  from a d r i l l ing we l l . 7 5  The so l id s  conte n t s  r ang e d  f rom 
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4 to 8 0  ppm ( mg/1 ) .  Alka l i n i ty wa s con s t a n t  i n  a l l  s ample s . 7 6  
Chrom i um i n  seven o f  the 3 4  s amp l e s  r anged from 0 . 0 1 ( the d e te c t io n  
l imi t )  t o  0 . 5 2 ppm . The s e  concentra t ion s s o o n  d i l u ted to u nd e tec t­
abl e amoun t s , r each i ng nearly 1 0 , 0 0 0 -fold d i l u t io n  wh i l e  mov ing 1 0 0 
me ters down c urren t .  

The se i n i t i a l  s t ud i e s  h ave s i nce been s ub s tan t i a te d  by a 
n umbe r of  more e x h a u s t iv e  i nve s t ig a t ions , f o u r  o f  wh i c h  are  
d i scus sed b e l ow . 

( i i )  Tanner B ank S tudy ( Of f shore S o u t h e r n  
C a l i forn i a ) 

The Tan n e r  Bank s t udy wa s cond uc ted f rom Jan uary throug h  March 
1 9 7 7 ,  d ur i ng the d r i l l i ng of  a she l f  e xpl o r a to ry we l l  some 1 6 0 
k i lome ters  we s t  o f  Lo s  Ang e l e s ,  i n  6 0  me t e r s  o f  wa t e r . 7 7 , 7 8  Th e 
d r i l l i ng f l u id s ur f a c e  pl ume wa s i nve s t i g a ted d ur ing norm a l  d r i l l­
i ng operat ion s and d ur i ng b u l k  d i s ch arge s ( i . e . ,  1 2 0  c ub i c me ter s 
per hour or 7 5 0  barre l s  pe r hour ) .  Su s pend ed so l id s  conce n t r a t io n s  
decre a sed f r om a r ange o f  2 5 0 , 0 0 0  t o  3 2 8 , 0 0 0  ppm j u s t  o u t s i d e  the  
d i scharg e  p i pe s ,  t o  2 5 ppm 7 4  me ters d own curren t . Backg round 
l e ve l s  wer e  reached 1 , 0 0 0  me ters  down c urren t . 

Tr ace me t a l  conc e n tr a t ions wer e  e l e va t ed i n  s ampl e s  col l e c t ed 
w i th i n  3 me te rs o f  the d i sc harg e . At 1 0 0 t o  1 5 0 me te r s , t h e s e  
concen trat ion s approached backg round l e ve l s for a l l  b u t  one b u l k  
d i scharg e . Th e se me ta l s  i n c l ud ed bar i um ( a s b ar i um s ul f a te ) , 
ch romi um ( a s t r iva l e n t  chrom i um ) , a nd l e a d  ( f rom p i pe thre ad d ope 
used in the d r i l l s t r i ng ) . Al l othe r prope r t i e s  s t ud i e d  { pH ,  
tempera t ure s , d i s so l ved oxyge n , and s a l i n i t y ) re ached backg ro und 
at l e s s  than 1 0 0  me te r s  d own curre n t . 

( i i i ) Lowe r Cook I n l e t  ( Al a sk a ) S t udy 

Th i s  s t ud y wa s cond uc ted in the s umme r of 1 9 7 7 , d ur ing the 
d r i l l i ng o f  a s tr a t igraph i c  t e s t  we l l  5 6  k i l ome t e r s  we s t  of Home r , 
i n  6 5  me ters  o f  wa ter . The d r i l l ing f l u id d i spe r s i o n  s t ud i e s 
i n c l ud ed d i l u t ion te s t s  u s i ng a f l uore scen t d ye t r a c e r . 7 9  A 
d i l u t ion of  1 0 , 0 0 0  t o  one wi th i n  1 0 0  me t e r s  o f  the  d i sc ha r g e  po i n t  
wa s a t t r i buted i n  par t to t ur b u l e n t  f l ow ind uced b y  t h e  d r i l l i n g  
v e s s e l ' s  unde rwa t e r  s t r u c ture . 

( iv )  H i gh-Vo l ume D i s ch a r g e s  ( Gu l f  o f  Me x i co ) 

Two b u l k  d i scharg e s  we re s t ud ied i n  2 3  me te r s  o f  wa t e r  i n  the 
Gu l f  o f  Mex i c o : 2 5 0  barre l s  of mud at a r a t e  of 2 7 5  b a r re l s  pe r 
hour , a nd 3 8 9 barre l s  a t  a r ate o f  1 , 0 0 0  barre l s  pe r hour . Wa t e r  
sample s  we re t a k e n  a t  the  bo ttom , top , and mos t  d e n se por t io n  o f  
the d i scharg e  pl ume , u s i ng a rose tte s amp l ing array s us pe nd e d  f r om 
a h e l i cop te r . S u s pe nd e d  sol i d s  and me t a l  t r a c e r  conc e n tr a t i o n s  i n  
the pl ume re ached backg round leve l s  abou t 5 0 0  me t e r s  f r om the 
d i scharge po i n t  d ur i ng the  2 7 5  barre l s  per ho ur te s t , and abou t 
1 , 0 0 0  me ters from the d i scharge d u r ing the 1 , 0 0 0 barr e l s pe r hour 
te s t . Tab l e  2 9  s hows t h e  marked d e cr e a s e  w i t h  d i s tance . 
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Distance from 
Source ( Meters ) 

0 (whole mud ) 
6 

45 
1 38 
2 5 0  
364 
625 

Background 

0 (whole mud )  
45 
5 1  

1 52 
3 7 5  
498 
7 7 7  
878 
957 

1 1 47 0  
1 , 55 0  

Background 

TABLE 2 9  

Suspended Solids Concentration and Transmittance 
vs . Distance During High Rate Discharge 

Depth 
( Meters ) 

2 75 Barrels/Hour 

8 
1 1  
9 
9 
9 
9 

Solids Concentration 
( mg/1 ) * 

2 5 0  Barrels Discharged 

1 , 43 0 , 0 0 0  
1 4 , 80 0  

3 4  
8 . 5  
7 . 0  
1 .  2 
0 . 9  

0 . 3- 1 . 9  

1 , 0 0 0  Barrels/Hour -- 389 Barrels Discharged 

1 , 43 0 , 0 0 0  
1 1  885 
1 2  72 7 
1 1  5 0 . 5  
1 6  2 4 .  1 
1 4  8 . 6  
1 3  4 .  1 
2 1 . 2 

1 2  0 . 83 
1 1  2 . 2 

9 1 • 1 

0 . 4- 1 . 1  

Transmittance 
( % )  

2 
56 
48 
3 7  
7 1  

76-85 

0 
0 
2 
4 

2 3  
2 1  
7 1  
76  
82  
82 

80-70  

*Maximum concentration and minimum transmittance measured at  noted 
distances downcurrent of the source . 

SOURCE : Ayers et al . ,  "An Environmental Study to Ass ess  the Effects of  
Drilling Fluids on  Water Quality Parameters During High Rate ,  High Volume 
Discharges to the Ocean , "  In Proceedings of the Symposium : Res earch on the 
Environmental Fate and Effects of Dril ling Fluids and Cuttings , January 2 1 -2 4 ,  
198 0 .  
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( v )  M i d -A t l an t i c  B i g h t  S tudy 

Dr i l l i ng f l u id d i scha rge s wer e  mon i tored a t  a we l l  dr i l l e d  1 5 6  
k i l ome te rs e a s t  o f  At l an t i c  C i ty ,  New Je r sey , i n  1 2 0 me te r s  o f  
wa ter . Bec a u s e  bo t t om c ur r e n t s  i n  th i s  are a are  we ak , the  s e a 
f l oor can be charac t e r i zed a s  a low-e nergy e nv i ronmen t .  Di scharg e s  
i n c l ud e d  7 5 2 me tr i c  ton s o f  bar i te ,  1 , 4 0 9  me t r i c  ton s o f  l ow­
g rav i ty so l id s  ( be n to n i te pl u s  n a tural  f o rma t i o n  d r i l l ing so l id s ) ,  
and 9 5  me tr i c  ton s  o f  organ i c  chem i c a l s ( ch rome l ig no s u l fona te , 
l ig n i te , a nd c e l l u l os e  po l ymer ) .  Al so mon i tored we r e  two b u l k  mud 
d i scharge s , o f  5 0 0  and  2 7 5  barre l s  per hour . 8 0  

As i n  o t h e r  s t ud ie s  the  d i s charg e  fo rmed t wo p l ume s : a l ower 
p l ume conta i n ing the b u l k  o f  the so l id s  t h a t d e scended r ap i d l y ; and 
an upper pl ume g e n e r a t ed by t urbul e n t  m i x i ng w i th s e a wa te r , a 
d i f f u s i ng c loud i n  the uppe r wa ter col umn t h a t  d r i f ted w i t h  the 
c urren t . The s uspended sol i d s  concen tra t ion in t h i s  p l ume had 
d ropped by a f a c to r  of 1 0 , 0 0 0  a t  1 0 0  me t e r s  d own c u r re n t , a nd 
reached backg round a t  3 5 0  t o  6 5 0  me ters  d own c ur r en t . Tran smi t­
tance v a l ue s reached backg round at 8 0 0  to 1 , 0 0 0 me te r s . Dur i ng 
bo th d i scharge s , b a c kg round va l ue s  were mea s ured in t h e  d i s c h a rg e  
p l ume s for d i s so l ved oxyg e n , p H , s a l i n i ty ,  and  tempe r a tu r e . 

To a s s e s s  sou r c e s  o f  trace me ta l s  i n  d r i l l ing mud d i sc ha rg e s , 
chromi um , c admi um , l e ad , me r c u ry , n i c ke l , vanad i um ,  and z in c  wer e  
measur ed i n  the ma j or d r i l l i ng f l u id add i t i v e s  ( bar i te , b e n to n i te , 
chrome l ig nos u l fon a te , a nd l ig n i t e ) .  Tr a c e  me t a l  conc e n t r a t i o n s  i n  
the ma j or ad d i t iv e s  we re al l be l ow d e te c tab l e  l im i ts , e x cept f o r  
z i nc i n  ben ton i te a n d  organ i c  chemi c a l s  a n d  c h romi um i n  c h rome 
l ig no s ul fo n a te . Th i s wa s a ma j or source o f  c h rom i um i n  a l l d i s­
charge s .  The d i scharged d r i l l  c u t t i n g s  con ta i n ed some c ad m i um , 
mercury , n i cke l , and vanad i um .  I t  appe a r s  t h a t the s e  we r e  d e r ived 
f rom the forma t ion d r i l l ed , because  the amo un t s  of  n i c k e l  and 
v an ad i um i n  the mud ad d i t iv e s  we re cons i d e r ab l y  l owe r than those in  
the d i scharged sol i d s . The add i t i ve s  con t a i n e d  some c admi um and 
mercury , b u t  the concentra t ions  we re so c l o s e  to the  l im i t  o f  
d e tec t io n  tha t i n te rpre ta t io n  wa s d i f f i c ul t . 

2 .  E f f e c t s  o f  Dr i l l ing F l u id s  and C u t t i ng s  

a .  B io a s s ays o f  Dr i l l i ng Mud Compo ne n t s  

The s t and a rd l abora tory b io a s say con s i s t s  o f  e x po s i ng te s t  
o rg an i sms i n  aqua r ia t o  vary i ng conce n tra t io n s  o f  tox i c an t s , 
u s u a l l y  fo r 9 6  h o ur s . Ba sed on the  mor t a l i ty r a te s  o f  the  orga n­
i sms , t he conc e n t r a t i o n  to k i l l  5 0  percent o f  the  o rg a n i sm s  i s  
expre s s ed a s  LC s o · 8 1  

Mos t  o f  the  ma j o r  d r i l l i ng mud c ompone n t s  ( be n ton i te a nd 
bar i te ) are n a t ur a l  m i ne r a l s g round to a f i ne powd er . The y  a r e  
i n sol ub l e  and i n e r t , a n d  show l i t t l e  or n o  tox i c i ty t o  o r g an i sms . 

Mos t  o f  the  o t h e r  i norgan i c  chemi c a l s  c ommo n l y  u s ed i n  mud s c an 
b e  con s id e r ed non to x i c ,  e v e n  thoug h they may s how tox i c i ty a s  p u r e  
chemic a l s . Sod i um c arbona te , sod i um b ic a rbona t e , a n d  sod i um ac i d  
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pyroph o s ph a te are  ad ded to r e a c t  wi th c al c i um i o n s  tha t e n te r  the 
mud . The s e  chem i c a l  reac t ion s form the i n e r t  s o l i d s  c al c i um c a r­
bonate o r  c al c i um pho s ph a te . Sod i um hyd ro x id e  ( Na OH ) i s  ad d ed i n  
cons iderable  quan t i ty to con t ro l  p H .  At p H  1 0  ( us ua l  f o r  l ig n a­
s u l f o n a te mud ) the  hyd roxyl ion conc e n t r a t i o n  i s  o n l y  1 . 7 p pm , 
equ i va l e n t  to abou t 4 ppm o f  NaOH . Upon d i sc h a rg e , the  smal l 
amo u n t  o f  un reac ted Na OH immed i a te l y  d i l u t e s  and/or f ur the r r e ac t s  
wi th s e a wa te r  con s t i t ue n t s  a n d  i s  ne u tr a l i ze d . Th u s , b ioa s say 
re s ul t s  s howing tha t 1 0 0  ppm NaOH a l one is  tox i c  are  not pe r t i ne n t  
t o  mud s . 

Of the  ma te r i a l s  add ed to d r i l l i ng mud s i n  appre c i able  
q ua n t i t i e s ,  t he tox i c i t i e s  o f  f e rroch rome and ch rome l ig no s ul fo­
n a t e s  appe ared to be the h ighe s t .  Nine ty-s i x-hour LC 5 o va l ue s 
f o r  aqueous so l u t i o n s  o f  t he s e  compo und s r ang e from 4 6 0 t o  1 , 2 2 0 
ppm for te s t  organ i sms , i n c l ud in g  wh i te s h r imp , r a i nbow trou t , and  
s a i l f i n mo l l ie s . The f e rrochrome o r  chrome l ig no s ul fonate in  
d r i l l i ng f l u id s  may be a b so rbed i n to c l ays and b a r i te , red uc i n g  
the i r  av a i l ab i l i ty t o  pl a n t s  or an imal s . 

Some t im e s  i t  i s  n e c e s s ary to u s e  b ioc id e s  i n  d r i l l ing f l u id s . 
The se prod uc t s , b y  d e s ig n , range f rom tox i c  to v e ry tox i c , b u t  are  
u se d  i n  v e ry l ow c on c e n t r a t ions . Wh en they a r e  d i sc ha rg e d , d i l u­
t ion q u i c k l y  lowe r s  concen tra t ions  to b iod egrad a b l e  l e ve l s . 8 2  
Be c au s e  who l e  d r i l l i ng f l u id s  and no t compo n e n t s  a r e  d i s c ha rg ed , 
b ioas s ay te s t s  cond u c t ed o n  whol e  d r i l l ing f l u i d s  a r e  mor e  u s e f u l  
for pr ed i c t i ng e nv i ronmen ta l  impac t s  than are  t e s t s  o n  ind i v id ua l  
compone n t s . I n  genera l , who l e  d r i l l i ng f l u i d s  a r e  l e s s  tox i c  t h a n 
wou l d  be c a l cu l a ted f r om i nd iv i d u a l  compo n en t s . Th i s  i s  d ue to 
n e u tr a l i z a t ion r e ac t ion s b e t we e n  compone n t s  and ad sorp t ion o f  
s o l ub l e  compo ne n t s  and ions o n to c l ay pa r t i c l e s . 

b .  B io a s s ay s  o f  Who l e  Dr i l l i n g  F l u id s  

A l arge numbe r  o f  l aborato ry b io a s says h a v e  b e e n  cond uc ted on 
who l e  mud s from d r i l l i n g  we l ls . B 3 - 9 2  The s e  s t ud i e s h a ve te s te d  
d r il l i ng f l u id tox i c i t i e s  o n  more than 5 0  s pe c ie s  f r om 1 1  g roups : 
plank to n , c opepod s ,  i sopod s , amph i pod s ,  g a s t ropod s , d e ca pod s , b i ­
v a l ve s ,  e ch i no d e rms , mys id s , pol yc hae te s ,  a nd f i n f i sh . The number 
and var i e ty o f  spec i e s  t e s ted i s  a s u f f ic ie n t l y  re pre s e n ta t ive 
c ro s s - s e c t ion o f  s pe c i e s  s en s i t iv i t ie s  to e n s ur e  t h a t  un expec ted 
tox ic i t ie s  w i l l  no t o c c u r . Tox i c i ty te s t s  u s i ng the  shr imp o r  
mys id s c ompr i sed ove r  2 0  percen t o f  the to tal , a nd l arv a l  o r  
j uven i l e  an ima l s  wer e  u s ed i n  o ve r 2 0  pe rcen t o f  a l l  te s t s . Many 
of the l arval te s t s  we r e  a l so pe r f o rmed on the mo s t  s e n s i t iv e  
s pec i e s . For e x ampl e , abou t 3 5  p e rcen t o f  s h r i mp te s t s  wer e  
c ond uc ted o n  l arvae , a s  we r e  ove r 4 0  p e r c e n t o n  l ob s ter and 7 5  
perc e n t  o n  mys i d s . W i t h  f in f i sh , ove r 3 5  p e r c e n t  wer e  done o n  
j uven i l e s . Th e r e fo re , the  e s t ima te s o f  b io l og i c al impac t we r e  
b i a s ed towa rd t he s en s i t i ve s pec i e s  a n d  s en s i t i v e  l i fe s tage s . 

Ove r 3 5 0  tox i c i ty te s t s  were cond ucted o n  appro x i ma t e l y  5 5  
d r i l l i ng f l u id s . The mean 9 6 -h r LC 5 0  v a l ue f o r  the s e  te s t s  wa s 
approx ima te ly 1 5 0 , 0 0 0  ppm .  The va l ue s  ranged f rom 3 6 0  t o  ove r 
7 0 0 , 0 0 0 ppm , b u t  v e ry f e w  we re b e l ow 1 , 0 0 0 ppm . Low 9 6 -h r LC s o  
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val ue s  o f  3 6 0  to 7 3 9  ppm we re obta ined u s i ng a s en s i t i ve s h r imp an d 
a d r i l l ing f l u id f rom a Mob i l e  Bay , Al abama , we l l . 9 3  S i nc e  th i s  
d r i l l i ng f l u id wa s known to be tox i c , i t  wa s i n j e c ted i n to a d i s ­
pos a l  we l l  and the so l id s  we re broug h t  a shore f o r  d i spo s a l  i n  a 
so l id s  wa s te d i s po s a l  s i te . 

Mo s t  of  the e x te n s i v e  b ioas say d ata show t h a t  i n  almo s t  a l l  
c a s e s  the f l u id s  are r e l a t ive l y  nontox i c . 

c .  Wa ter C o l umn E f f e c t s  

The d r i l l i ng f l u id f ine s d i spe r se q u i c k l y  i n  a d own c ur r e n t  
p l ume . The s e  o f f shore t e s t s  h a v e  shown tha t 1 0 , 0 0 0 -to- 1 d i spe r s ion 
occurs in  l e s s  t h a n  1 0 0  me ter s . In tha t d i s ta n c e , d r i l l i ng f l u id s  
c on ta i n i ng from 3 0 0 , 0 0 0  t o  6 0 0 , 0 0 0 ppm o f  d i s so lved so l id s  wo u l d  
d i l u te t o  3 0  t o  6 0  ppm . Furthe r , the  e xpos ur e  t ime t o  organ i sms i n  
the near- s ur fa c e  wa te r s  ( d own to 1 5  t o  2 0 me ter s ) i s  only 3 m i nu t e s  
i n  a 1 -kno t c urren t a n d  1 1  m i n u te s  i n  a 0 . 3 -kno t c urren t . 

Th e 1 0 , 0 0 0 -t o - 1  d i s pers ion wi th i n  1 0 0  me t e r s  wa s b a s ed o n  b u l k  
mud d i scharg e s  a t  h ig h  r a te s , f rom 2 50 t o  1 , 0 0 0 barre l s  p e r  hour . 
At norma l l y  lower r a te s o f  d i scharg e , 1 0 , 0 0 0 -t o - 1  d i s pe r s ion i s  
obta ined i n  l e s se r  d i s t a n c e s  from the d i sc ha rg e  po i n t . 

Fo r such d i sc h arg e s , adverse b i o l og i c a l  e f fe c t s  wou l d  o c c u r  
only t o  pl a nkton i c  o rg an i sms tha t moved wi t h  the  wa t e r  con t a i n ing 
the  d i s pe r s i ng d r i l l i ng f l u id s . Th e vol ume o f  wa t e r  in wh i c h  
expos ure wo u ld oc c ur t o  s uc h  o rg an i sms wo uld b e  r e l a t ive l y  sma l l  
and the expo s u r e  t ime sho r t . The r e f o re , b a sed upo n l aborato ry 
b ioa s s ays i nd ic a t i ng tha t almo s t  a l l  d r i l l i ng f l u id s  are  r e l a t ive l y  
non to x i c  und er b io a s s ay t e s t  cond i t io n s , o n e  wo u l d  conc l u d e  t h a t  
t h e  b io l og i c al c ommun i ty wo uld s u f fe r  no i l l  e f f e c t s . E v e n  d i s­
c ha rg e  o f  the v e ry tox i c  d r il l i ng f l u id s  f rom t h e  Mob i l e  Bay we l l  
wo uld b e  unl i ke l y  to h ave c a used adve r s e  b io l og i c a l  e f fe c t s . No n­
tox i c  conc e n tr a t i o n s  ( 3 0 t o  6 0  ppm }  wo u l d  have e x i s te d  f o r  a few 
m i n u te s , compare d  w i t h  a fou r-d ay b ioa s s ay r e q u i r i ng f rom 3 6 0  to 
7 1 0  ppm to k i l l  5 0  p e r cen t of  a sen s i t i v e  spe c i e s . 

Compar i so n  te s t s  have i nd i c a ted t h a t  abou t 9 0  p e r ce n t o f  t he 
tox i c i ty re s ide s  i n  the  f i l t r a te s . There fore , mo s t  o f  the  tox i c i t y  
i s  i n  the uppe r pl ume carry i ng the so l u b l e  c on s t i t ue n t s  and f i ne s . 
Th i s  analys i s  o f  t h e  d a ta shows t h a t  even t h e  mos t  tox ic f r ac t ion 
of d r i l l i ng f l u i d s  has l i t t l e  or no e f f e c t  o n  the mar i n e  e nv i­
ronme n t . 

In a f i e ld te s t  o f  tox i c i ty ,  p i nk s a lmon f ry , s h r imp , a nd 
h e rm i t  c rabs we r e  pl aced i n  box e s  and s us pe nd ed d own c u r r e n t  f rom 
d r i l l i ng f l u id d i s c h a rge s . 9 4  No mor ta l i t i e s  we r e  r e co rd ed t h a t 
could be r e l a ted to the d i sc harg e pl ume . Any s uc h  e f fe c t  wo u l d  
have b e e n  i ncon s i s te n t  w i t h  t h e  above a n a l ys i s . 

Di spers i ng mud pl ume s c a n  d im i n i s h  the pho tos yn the t i c  ac t iv i ty 
o f  phytop l ankton by reduc i ng l ig h t  transm i t ta n c e . Th e e f fe c t  i s  
no t propor t ional to the ava i l able  l igh t , howeve r , b e c a u se pho t o­
s yn the s i s  can a l s o  occur  i n  sc a t te r ed l ig h t . In any e v e n t , t he 
actual e f f e c t  o f  the s e  pl ume s on pho tosynthe s i s  i s  very sma l l  whe n  
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d ay/n ig h t  v a r i a t i o n , c loud cove r ,  a nd s e a so n a l  c h a ng e s  i n  wa te r 
transparency d ue to coa s t a l  runo f f  and pr imary prod uc t i v i ty are  
cons i d ered . Pl ume vol ume s are  smal l ( a  f e w  tho u s and square 
me ters ) .  The i r sho r t  d ur a t ion , r ap id d i spe r s i o n , and  br i e f con tac t 
t ime w i th pho tosynthe t i c organ i sms m i n imi z e s  the i r  i mpac t .  

d .  B e n th i c  E f f e c t s  of  Dr i l l  S o l i d s  

The speed wi th wh i c h  c u t t i ng s  and sol i d s  f rom t h e  d r i l l i ng 
f l u i d  s e t tl e  depends upo n the i r  d en s i ty a nd par t i c l e  s i ze . Wh e n  
c urren t e n e rg y  i s  l ow ,  t h e  sol i d s  se t tl e  near  t h e  d i s ch a r g e  po i n t , 
b u t  i n  h i g h  e n e rg y  l oc a t io n s  they are  rapid ly d i spe r sed o r  rewo rked 
b y  bot tom c urren t s . 

( i )  Po s s i b l e  Tox i c i ty to B e n th i c  O rg a n i sms 

Abou t 9 0  pe rcen t of the d r i l l i ng mud tox i c i ty re s id e s  in t h e  
s ur fa c e  pl ume s t h a t  d r i f t away f rom d i scharge po i n t s  a n d  r ap i d l y  
d i sperse . There for e , t h e  s e t t l e d  ma ter i a l s  are r e l a t ive l y  non to x i c  
compa red w i th who l e  d r i l l i ng f l u id s . Th e s e t t l ing p ar t i c l e s  a r e  
wa shed a s  they pa s s  t h ro ug h  the  wa t e r  col umn , a n d  t h e  o n l y  rema i n­
i ng tox i c i ty i s  from adhe rence o f  f i l t r a te to c u t t i n g s  and the 
l arge r mud sol id s .  Ad verse tox i c  e f fe c t s  to b e n t h i c  o r g an i sms h ave 
there fo re been ove r s ta ted wh e n  who l e  d r i l l ing f l u id tox i c i t i e s  are  
appl ied to the  d r i l l i ng sol i d s  i n  bot tom sed ime n t s . For i n s tance , 
b a r i te , a nonto x i c , h ig h  d ens i ty c o ns t i t ue n t  i s  p r e f e r e n t i a l ly 
d e pos i ted and c e r t a i n l y  doe s not pos s e s s  the  tox i c i ty o f  whol e 
d r i l l i ng f l u id s . The d r i l l  c u t t i ng s  themse lve s have never  b e e n  
con s idered tox i c , b u t  h ave no t been te s ted i n  b io a s s ay s . Sol id s 
d epo s i ted on the bottom are un l ike l y  to have a d i r e c t tox i c  e f fe c t  
o n  benth i c  organ i sms . 

( i i )  Pos s i bl e  I n corpora t i on o f  Me t a l s i n to the  
Food Chain and E f fe c ts o n  Other Org a n i sms , 
I n c l ud i ng Man 

In the r e l a t i ve l y  q u i e t wa t e r s  of the m i d -Atl an t i c  B i g h t , d r il l  
c ut t i n g s  a nd so l id s  we r e  found to ac cumul a te n e a r  the  pl a t f o rm . 9 5  
Sed ime n t  s ampl e s  wer e  analy zed for a r s e n i c , bar i um ,  c admi um , c h r o­
m i um ,  c oppe r ,  mercury , n i cke l , l ead , vanad i um ,  a nd z i nc . Pr e-
and pos t-ana l ys i s  of s ed ime n t s  showed a non s ig n i f i c a n t  i ncrea se i n  
b ar i um .  S ig n i f i c an t  i nc r e a s e s  we re observed i n  l e ad , n i c ke l , v ana­
d i um , a nd z i nc , but s ig n i f i c an t  d e crea s e s  in c ad m i um a nd c h romi um 
we r e  a l s o  appa r en t . The se chang e s  may h a v e  been a s so c i a te d  w i th 
wa ters and c o n ta ined sed ime n t s  a l ready pre s e n t  f rom t h e  d ump a re a  
o u t s i d e  New Yo rk h arbor . 

Ti s s ue analys i s  on mol l usks showed s ig n i f i c an t  i n c r e a s e s  i n  
bar i um a nd me r c u ry and s ig n i f ican t d e c re a s e s  for a r s e n i c , c ad m i um , 
and coppe r . Po lychae te s showed a maj or i n c re a s e  i n  chrom i um and a 
major d e c r e a s e  i n  coppe r .  Br i t t l e  s tars  showed s ign i f i c a n t  i n­
creas e s  i n  b ar i um ,  l ead , me r c ury , and vanad i um and s i g n i f i c an t  
decre a s e s  i n  c oppe r and n i cke l . There wa s n o  corr e l a t i o n  be t we e n  
whe re t h e  o rg a n i sms we re col l e c te d  and the me ta l s  conte n t  o f  the 
sed ime n t s . 

1 9 6  



In a s t ud y  c o nd u c ted near a number of  o f f shore pl a t fo rm s , c on­
cen tr a t ion g r ad i e n t s o f  bar i um ,  c admi um ,  c h romi um , c oppe r , l e ad , 
a nd z i nc i n  sur f i c i a l  sed ime n t s  d e c reased w i th d i s ta n c e  f rom some 
pl a t forms in the  Gu l f  of Me x ico . 9 6  Me t a l  c o nc e n tr a t ion s in 
musc l e  t i s s ue s  of c omme r c i a l ly impo r ta n t  spe c i e s  ( b rown s h r imp , 
croake r , sheepshead , and spad e f i s h ) d id no t i n  g e n e r a l  show s i g ­
n i f i c an t l y  h ig h e r  me tal  conc e n tr a t i o n s  than s im i l a r  org a n i sm s  f rom 
other are a s  o f  t h e  Gul f o f  Me x ico . Howeve r ,  conc e n tra t io n s  o f  
coppe r and i ron we r e  h i g h e r  i n  local sheepsh e ad and spad e f i sh 
mu scle , and n i cke l wa s h igher i n  sheepshead . 

F i e ld s t ud i e s  h ave s ho wn l im i ted , i f  a ny , b i o-ava i l ab i l i ty o f  
metal s f rom d r i l l i ng f l u id d i sc harge s .  In l ab o r a to ry s t ud ie s , the  
mar s h  c l am and the  Pac i f i c oys t e r  wer e  e xpos ed to four u s ed 
d r i l l i ng mud s ,  then  analyzed the t i s s ue s  fo r chrom i um ,  l ead , a nd 
z i nc . 9 7  The c l ams a c c umula ted s ig n i f i c an t  amo un t s  o f  c h romi um i n  
four d ays . Howe v e r , mo s t  o f  the chrom i um wa s r e l e a sed w i t h i n  2 4  
hours when the  c l ams wer e  re t urned to c l e an s e a wa te r . Th i s  i n­
d ic ated tha t much o f  the c h rom i um a c c umu l a ted w a s  un a s s im i l a te d  
ma ter i a l  i n  the d ig e s t ive tra c t  o r  on the  g i l l s . When t h e  c l am s  
we re expo s e d  t o  the d r i l l i ng f l u id f i l t r a te fo r 1 6  d ay s , t h e y  ac­
cumula ted a me a n  o f  1 9  ppm chromi um . Re t urned to s e awa te r , they 
r e l e ased approx ima t e l y  h a l f i n  24  hour s . Wh e n  e x po sed to  mud 
f i l tr a te for two we ek s , oys te r  spat showed l i t t l e  o r  no ne t a c c u ­
mu l a t ions of  chrom i um ,  l ead , o r  z i nc . Th e se wo rke r s  con c l ud e d  tha t 
he avy me t a l s  f rom typ i c a l  u s ed d r i l l i ng mud s h ave l imi ted b i o­
ava i l ab i l i ty to mar i n e  b iv a l ve mo l l u sks d ur ing s h o r t- t e rm e x po s ur e . 

The s e  s t ud i e s  d emons t r a te the l ow b io-ava i l ab i l i ty o f  mos t  
cons t i t u te n t s  i n  d r i l l i ng mud s .  St ud i e s o n  t h e  i np u t s  and a c c u ­
mul a t io n  o f  me tal s  ( bar i um ,  c ad m i um ,  c hrom i um ,  c oppe r ,  l e ad , mer­
c ury , n ic ke l , and z i n c ) show that the  l a rg e  q u an t i t i e s  i n trod uced 
i n to mar ine wa t e r s  a nd sed ime n t s have no t b e e n  concentra ted i n  the 
food web . 

Ti s s ue s ample s  f r om an ima l s  col l e c ted b e l ow o i l  pl a t forms o f f  
S a n ta Barbar a ,  Ca l i fo rn i a , d o  no t show e l ev a te d  l ev e l s  o f  trace  
me t al s . Me rc ury , wh i c h  und e r  c e r ta i n  cond i t ion s has  been s ho wn to 
be conce n tr a te d  f rom wa t e r  and food by ma r i n e  o rg a n i sms , d oe s  not 
s e em to b e  b i o-ac c um u l a ted exce s s ive l y  f rom wa t e r s  and sed i me n t s  
o f f  Ca l i fo r n i a . Fo r e x ampl e ,  mun i c ipal wa s tewa t e r s  i n trod u c e  a n  
e s t ima t e d  3 me t r i c  t o n s  o f  mer c ury per ye a r  i n to t h e  n e a r  o f f shore 
wa ters of  sou th e r n  Ca l i fo rn i a . Oth e r  sour c e s  b r i ng the  to tal  to  
abou t 1 7  me tr i c  ton s  per ye a r . Sample s  f rom s e d ime n t  traps p l aced 
o f f  one ma j or Los Ang e l e s  a r e a  san i tary o u t f a l l  col l ec ted a s  h ig h  
a s  9 . 5 ppm o f  me r c ury ( d ry we igh t ) . Sed ime n t s  taken f rom t h e  co n­
t inental  she l f  c o n ta ined as  much as 5 ppm , ye t a n im a l  t i s s ue s  f rom 
the se area s  d id no t con ta i n  e l eva ted l eve l s  o f  me r c u ry . Me t a l s 
f rom d r i l l i ng f l u id d i scharg e s  are  m i no r  compared w i th those f rom 
other source s .  Th u s , t h e  l ack o f  e v id e nce o f  b i o-ava i l ab i l i ty f rom 
d r i l l i ng f l u i d s  and l i tt l e  or no b io-accumu l a t io n  of me ta l s  by 
mar i n e  o rgan i sms s ug g e s t s  t h a t  the e f f e c t s  o f  me t a l s  f rom t h i s  
source are m i n imal . 
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e .  Phy s i ca l  E f f e c ts o f  Dr i l l  S o l i d s  

Ph ys i c al smo t h e r i ng o f  b e n th i c  org a n i sm s  u s ua l ly c re a t e s  o n l y  a 
m i nor r i s k . I f  the  area i s  one o f  h ig h  ene rgy , t h e  ma te r i a l  w i l l 
be wi d e l y  d i spe r s ed ; a nd i n  a l ow-e nergy a re a ,  the  e f fe c t  i s  
l oc a l i zed n e a r  t h e  d i s c harge po i n t . 

The d i s c h a rg e  o f  mud and c u t t i ng s  f rom a Gu l f  o f  Me x i co we l l  
wa s mon i tored and n o  ad v e r s e  e f f e c t s  o n  f i sh o r  o th e r  o rg a n i sm s  i n  
t h e  wa t e r  c o l umn we r e  obse rved . 9 8  Crabs a nd g a s tropod s we re 
noted d ig g i ng in the c u t t i ng s  p i l e , wh i l e  g roupe r s  and red s n appe r s  
wer e  nos i ng i n  t h e  p i l e , und i s t urbed b y  t h e  c h i ps s t i l l  f al l i ng 
t hrough the wa t e r . At a number o f  loca t i o n s , c u t t i ng p i l e s  we r e  
obse rved tha t wer e  typ ic a l l y  abou t 1 me ter h ig h  ( wh e n  n e w ) and  5 0  
meters i n  d i ame te r . The ir ae real  o u tl i n e s  we r e  c i r c u l a r , e l ong a te , 
or s ta rb ur s t , d e pe nd i ng upon bo t tom c urren t s . 

Dur i ng d r i l l i ng o f  the we l l  i n  the m i d -At l an t i c  B i gh t , d r i l l i ng 
d i scharg e s  d id have an e f fe c t  o n  the ben th i c  comrnun i ty . 9 9  A z o ne 
o f  d i scharg e  a c c um u l a t ion s ( pr imar i ly forma t io n  c l ay s ) wa s o b s e rved 
c lose to the we l l  s i te ,  a nd e l eva ted c l ay l ev e l s  we r e  d e te c te d  a s  
f a r  a s  8 0 0  me t e r s  f rom t h e  s i t e . F i sh and c r a b s  i nc r e a s e  s u b­
s ta n t i a l l y i n  the v i c i n i ty ,  probably a t t ra c ted by the i n c r e a s e d  
m i cro-r e l i e f a f ford e d  by the  c u t t i ng s  a c c umu l a t ion s , a s  we l l  a s  b y  
the i n c re a sed ava i l ab i l i ty o f  food . 

H i g h  d en s i t i e s  o f  sand s t a r s  we re obse rved near  the  we l l  s i te , 
appare n t l y  a s soc i a te d  wi t h  the a c c umul a t ion s o f  mus s e l s  f a l l ing 
f rom the d r i l l i ng r ig , anchor cha in s , a nd wo rk b o a t s . Red u c t io n s  
i n  ab und a n c e  o f  t h e  mac robenthos farther f rom the  we l l  s i te were 
a tt r i b u ted i n  pa r t  to i n c re a sed pr ed a t i o n  by f i s h  and crabs , and  in 
par t to the  i nc re a s ed c l ay con ten t  of the sed imen t s . 

No chang e  i n  spec i e s d ive r s i ty wa s obse rved i n  the  pr e- a nd 
pos t-d r i l l i ng ma c roben th i c  samp l e s . Howe ve r ,  s e v e r a l  po s s ib i l i t i e s  
are s ug ge s ted t o  account  for obse rved r e d uc t ion s i n  abund a nc e s  o f  
some mac robentho s , r e l a t i ng to s e t t l i ng and se t tl ed c l ay p a r t i c l e s . 
A chang e  i n  s ubs t r a t e  c ompos i t io n  ( e . g . ,  f rom s i l t s  and s and to 
c l ay )  may r e s t r i c t  the r e c r u i tme n t  of  c e r ta i n  b e n th i c  l a rv a e . How­
ever , a s  bo t tom ma t e r i a l s  are r e wo rked and re s u spe nd ed and n e w  
n a t ural ma te r ia l  i s  d epo s i ted , c ond i t i o n s  a r e  e x p e c ted t o  g r ad ua l l y  
reve r t  t o  those  o f  the pr e-d r i l l ing per iod . 

Chang e s  i n  the s ub s tr a t e  c a n  be e i th e r  d e tr i me n t a l  o r  ben e ­
f i c ia l , d epe nd i ng upo n one • s  po i n t  o f  v i ew . Al t e r a t i o n  o f  the  
sed ime n t s  may change the  b e n t h i c  a s soc i a t ion c o n t ro l l ed by s e d i me n t  
c ompo s i t io n . Howe ve r ,  t he d i spl aced org a n i sm s  a r e  repl aced by 
other  o rgan i sms . The r e  h ave been no i nd ic a t io n s  t h a t d r i l l i ng 
d i scharg e s  have r e s ul ted i n  e i ther a d e ad a r e a  o r  i n  the b e n tho s 
becom i ng unde s i r a bl e . Any obse rved chang e s  have b e e n  ve ry 
l oc al i ze d . 

In sou th e r n  C a l i fo rn i a , r epl acemen t  o f  the  b o t tom mud w i th 
c u t t i n g s  that are q u i t e  r e s i s ta n t  to breakdown ( i . e . ,  w i t h  a sol id 
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s ub s t r a te ) r e s u l t s  i n  a much more var i ed b e n th i c  commun i ty and 
incre a s ed b ioma s s  near the  p l a t forms . Th i s  i nc re a s e d  food s uppl y 
has  a t trac ted f i sh . Fo r e x ampl e ,  one s t ud y found 2 0 t o  5 0  t im e s  
more f i sh und e r  o i l  p l a t forms t h a n  over s o f t-bo t t om con t ro l  re g ion s 
nearby . l O O  

Cu t t i n g s  and a s so c i a te d  ma te r i a l  from sed ime n tary rocks are  
very s im i l a r  to  the e roded sed ime n t s  t h a t  h ave a l ways e n tered the  
ocean . Ta ble  3 0  l i s t s  some of  the so urce s .  Ri v e r s  contr i b u te v e ry 
l a rge quan t i t ie s . F ig u r e  2 6 shows sed ime n t  d i s c harged f rom the  
M i s s i s s i pp i  River a s  o f  Ja nuary 1 6 ,  1 9 7 3 .  Th e f l ow and sed i me n t  
d i scharg e  i s  even h ig h e r  a t  other t ime s o f  t h e  year , p ar t i c u l ar l y  
i n  the spr i ng mon th s . Dur i ng f l oods i n  1 9 6 9 ,  a n  e s t ima ted 8 3  
m i l l ion me tr i c  ton s  o f  sed ime n t  en tered t h e  San t a  Barbara channe l . 
Th i s  covered the bot tom w i th a l ayer vary i ng f rom 1 0  c e n t ime t e r s  ( 4  
i nche s )  th i ck of f Ven t ur a  to abou t 1 c e n t i me n t e r  t h i ck ( 0 . 5  i n c he s ) 
o f f  Go l e t a , some 5 0  k i l om e t e r s  ( 3 0 m i l e s ) to the  we s t . Ne i th e r  the 
h igh rate  o f  sed imen t a t ion nor the accompa ny i ng t urb i d i ty h ad a 
ma j or e f fe c t  on the b io log i c al prod uc t iv i ty o f  the  a r e a . l O l 

TABLE 3 0  

Sediment Discharged to Marine Environment 
( Mil lion Tons Per Year ) 

Rivers -- World 

Mi ssissippi 

Colorado 

Eel , N. California 

Santa Clara ( one day ) 

Marine Sediment Transport 

Dredging -- Mostly Harbor and Channel , 1 9 68 

Bottom Fishing Trawls 

Dril ling -- Cuttings and Dr illing Fluid Solids , 
1 , 0 0 0  Wel ls/Year 

2 0 , 0 0 0  

3 4 4  

1 49 

3 3  

2 2  

Large 

3 8 . 5  

Unknown 

1 .  0 

SOURCE : McAulif fe ,  c .  D . , " Environmental Aspects of OC S  
Petroleum Development , "  1 9 7 6 .  
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F i g u re 26. Sed i ment Discharge of M ississ i pp i  R i ve r-J a n uary 1 6 , 1 973.  

SOURCE: McAul iffe and Palmer, Environmental Aspects of Offshore Disposal of Drilling Fluids a n d  Cuttings, 1 976. 
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Near- s hore and b o t tom c u r re n ts , part i c u l a r ly d u r i ng s to rms , 
resuspe nd a nd transpo r t  large amoun t s  of  s e d i me n t s . Bot tom- f i s h i ng 
t rawls also d i s turb and res u spe nd l a rg e  amo u n t s  o f  sed i me n t s . The 
actual q ua n t i t i e s a re not known , b u t  they may be l a rg e  whe n  con­
s id e r i ng t he numb e r  o f  these  traw l s . Fl i g h t s  o f f  the  E a s t  Coa s t  
h ave s hown l a rg e  s e d ime n t  p l ume s fo l l ow i ng f i s h i ng v e s s e l s  p u l l i ng 
b ot tom t rawl s . O f f  sou t h e r n  Ca l i fo rn i a , t rawl marks rema i n  i n  the 
b ot tom sed i me n t s .  

Oth e r  l a rge ma n-mad e con t r i bu t io n s  are  f rom d r e d g i n g , mos t ly 
f rom channe l s  and h arbor s . Th i s  d redged s po i l i s  d i s c h arged i n to 
U . S .  coa s t a l  wa ter s . 

Th e d a t a  i n  Tabl e 3 0  show that the contr i bu t io n  o f  s o l i d s  f rom 
d r i l l i ng we l l s is e x trem e l y  smal l ,  a nd the r e l a t i v e  phys i c a l  
e f f e c t s  o n  t h e  mar i ne e nv i ro nmen t  are i nconsequen t i a l . 

f .  F i e l d  S tud i e s  o f  Chron i c  E f f e c ts o f  Dr i l l i ng 
D i s c h a rg e s  

Re se arche r s  mad e obse rv a t ions under a p l a t f o rm d r i l l ing o f f  
Lou i s i ana . l 0 2 Enc r u s t i ng forms tha t g row on t h e  p l a t f o rm member s 
appe ared to be una f fe c ted by the d i scharg e s . Ba rnac l e s  we re l iv ing 
no t only on and bene a th the  d r i l l i ng f l u id d i s c h arge p ipe , but 
a c t ua l ly i n s id e  i t ,  wh ere they wo u l d  be mos t  a f f e c ted by the 
d i scharge s . 

Ano ther re s e archer s t ud i ed the " fo u l i ng "  c ommu n i t y  on a 
d r i l l ing r i� e xpo sed to long - t e rm , i n te rm i t t e n t d r i l l ing 
d i scharge s . 6 3 He s ys tema t i c a l l y  col l e c ted d a t a  o n  t h e  pr e-
sence o r  absence o f  spe c i e s  fo r mac robe n t h i c  a l g a e  and inverbr a t e s  
f o r  mud-free a n d  mud-e xposed s i te s  on f o u r  hor i z o n t a l  s uppo r t  
pon toon s  b e ne a th t h e  r ig . An alys i s  ind i c a te d  tha t e a c h  o f  t h e  four 
pon toon s ma i n t a i n ed a s ig n i f i c an t l y  d i f f e r e n t  c ommun i ty . Thos e  o n  
t h e  two mud - e x po se d  pon toons more c l o s e l y  r e sembled e ac h  o th e r  than 
d id those r e l a t ive l y  un i n f l ue nc ed by mud . The pon toon d i r e c t l y  
beneath t h e  mud d i scharge d i spl aye d t h e  g re a te r  commun i ty d i f fe r­
ence s , though o n ly w i th i n  1 0  me ters  o f  the  d i s c h a rg e  p ipe . The s e  
d i f fe re n c e s  appe ared to b e  pred om i na n t l y  a c coun ted f o r  b y  the  
change f rom a h ard me t a l  s ub s tra te to a mud ( i . e . , sed i me n tary ) 
s ub s t r a te . Th e s t u d y  c o n c l ud ed tha t chro n i c  e x po s ur e  to norm a l  
d r i l l i ng d i s charge s c a u s ed o n l y  a v e r y  l oc a l  e f fe c t  on the  f o u l i n g  
commun i ty .  

I I I . E nv i ronme n t a l  E xpend i t ure s 

Th e API annual  cost  s urvey r epo r t s  wa te r-po l l u t i o n- r e l ated 
cap i tal  e xpend i t ure s for the  e xplor a t ion and p rod u c t ion s egme n t  of  
the i nd u s t ry o f  $ 3 1 6  m i l l ion fo r 1 9 8 0 .  Th i s  repre s e n t s  a n  i n c re a s e  
o f  $ 7 6  m i l l io n  ove r 1 9 7 9 .  The 1 0 -ye a r  c um u l a t i v e  to t a l  s tand s a t  
$ 1 , 5 0 5  m i l l io n . Ad m i n i s tr a t ive , ope r a t i ng , a nd ma i n te n a n c e  expen­
d i t ures  amo un t t o  $ 2 1 5  m i l l ion fo r 1 9 8 0 ,  an i nc r e a s e  o f  $ 4 2 m i l l io n  
ove r 1 9 7 9 .  Th e 1 0-ye ar cumu l a t ive to tal  f o r  ope r a t i ng and ma in­
tenance s tand s a t  $ 1 , 1 9 4  m i l l io n . 

2 0 1  



WASTE MANAGEMENT 

I .  B ackg round 

Th e ma j or wa s t e s  g e ne r a ted by the e xplora t io n  and prod u c t io n  
ope r a t ions  a r e  prod uced wa ter s ,  wa s t e  d r i l l i ng mud s , a n d  d r i l l  
c ut t i ng s . Ot h e r  ma te r i a l s  that  may b e  reg u l a te d  a s  h a z ar d o u s  
wa s te s  a f te r  u s e  o r  whe r e  e x c e s se s  oc c ur are corro s ion inh i b i tor s ,  
emul s i on breake r s , b ioc id e s , c l ean i ng ag e n t s , s o l ve n t s , l ub e  o i l s , 
ac i d s , a nd c emen t .  Fo ur c r i te r i a  ( co rros i v i ty , i g n i tab i l i ty ,  
r e ac t iv i ty ,  a nd tox i c i ty )  h av e  been e s t ab l i shed by RCRA r eg ul a t io n s  
t o  d e t e rm i ne i f  a wa s te i s  ha z a rd ou s . 

In Oc tobe r 1 9 8 0 ,  Co ng re s s  ame nd e d  RCRA to e x emp t  d r i l l i ng mud s , 
p roduced wate r s , a nd o th e r  wa ste s a s so c i a te d  w i th e x p l or a t i o n , 
d r i l l i ng , and prod uc t io n  for two ye ar s . Cong re s s  d i r e c te d  E PA to 
do an i n-d epth s t ud y of wa s t e  d r i l l ing mud s ,  prod u c ed wa te r s , a nd 
a s soc i a te d  wa s te f rom the e xplo r a t i on and prod u c t io n  o f  o i l  and ga s 
and geothermal e n e rg y . EPA i s  to repo r t  to Co ng re s s  by Oc tob e r  2 1 ,  
1 9 8 2 . S i x mon th s a f te r  s ubmi s s ion o f  i t s  s t ud y  t o  Congre s s ,  E PA 
mus t ,  a f t e r  p ub l i c hear ings  and oppo r tun i ty f o r  c omme n t , e i t h e r  
prom u l g a t e  reg ul a t io n s  o r  d e t e rmine tha t r e g u l a t i o n s  a r e  u nwa r­
r an ted . Any r eg u l a t io n s  propo sed by E PA mu s t  b e  s ubm i tte d  to both 
hou s e s  of  Co ng re s s  and s h a l l  no t be e f fe c t ive u n l e s s  a ut ho r i z ed b y  
an Ac t o f  Co ng re s s . 

Th e RC RA e x empt ion wa s g ranted because E PA admi t te d  tha t i t  
pos s e s sed very l i t tl e  i n forma t io n  on the c ompo s i t io n , c h a r ac te r­
i s t i c s , o r  degree o f  h a z a rd po sed by these  wa s te s . E PA f ur th e r  
ac knowl edged t h a t  the s e  wa s te s  oc cur i n  h ig h  vo l ume , a r e  g e n e r a l l y  
l ow i n  tox i c i ty ,  a n d  tha t po te n t ia l  h a z a r d s  po sed b y  t h e s e  wa s t e s  
are r e l a t i ve l y  l ow . A n  overr i d i ng cons i d e ra t ion i n  g r an t i ng the  
e xemp t i o n  wa s Co ng re s s ' d e s i r e  to  d i scourag e  r eg u l a t io n s  tha t 
wo uld und u lt re s t r i c t  d ome s t i c energy and n a t u r a l  re s o u rc e  
prod u c t io n . 0 4  

I n  t h e  u n l ike ly e v e n t  t h a t  t h e  e x emp t ion f o r  d r i l l ing mud s ,  
prod uced wa t e r s ,  and as soc i a te d  wa s te i s  l i f ted a nd o i l  and g a s  
i nd u s t ry e x p l o r a t ion a c t iv i t i e s  m u s t  comp l y  wi th the  E PA ' s  proposed 
RCRA reg u l a t ion s , the cos t s  the f i r s t  ye ar to comp l y  w i th the f ul l  
r eg u l a t ions could be a s  h ig h  a s  $ 3 1  b i l l io n  ( i n cons tan t 1 9 7 8  d o l ­
l ar s ) ,  and an add i t iona l $ 3 . 3 b i l l ion per y e a r  i n  d i re c t  opera t i n g  
and ma in tenance co s t s  based upo n  the reg u l a to ry prog r am p ropo sed i n  
De c embe r 1 9 7 8 . 1 0 5 

Even i f  Co ng re s s  con t i n ue s  the  RCRA e x emp t ion for e xp l o r a t i on 
a nd prod u c t io n  o r  choo s e s  to reg u l a te these  wa s te s  i n  a r e l a t iv e l y  
mod e s t  manne r , t h e r e  c o uld be con t i n u ing probl ems w i th t h e  d i s po sa l  
o f  h a z ardous wa s te s  d ue to the shortag e  o f  approved d i spo s a l  s i te s . 
The incre a s i ng concerns o f  s ta te and l o c a l  governme n t s  wi t h  d i s po s ­
a l  s i te s  cou l d  s ig n i f i ca n t l y  impac t  f u t ur e  l ev e l s  o f  o i l  and g a s  
d e ve lopme n t . 
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I I . Re search 

In  1 9 7 4 ,  API  f un d e d  a comprehen s i ve r e s e a r c h  pro j e c t  e n t i t l ed 
" Ef fe c t s  o f  Dr i l l ing F l u id Componen t s  and M i x t ur e s  o n  Pl a n t s  and 
So i l s , "  wh i c h  wa s pe r fo rmed a t  Utah S t a te Un i v e r s i ty . l 0 6 Th i s  
rese arch spanned s i x  ye a r s  o f  te s t ing three ag r i c u l t ur a l  c r op s , s ix 
d i f fe re n t  so i l  reg ime s , 3 1  s epar a te d r i l l ing mud componen t s , a nd 
s eve n d i f fe r e n t  d r i l l i ng m ud formula t ion s . The ma j o r  conc l u s io n  
d rawn i s  tha t any short- t e rm prob l ems o f  s p r e ad i ng and m i x i ng 
d r i l l i ng mud wa s te i n to so i l s  c a n  b e  e l i m i na ted through prope r 
treatme n t ; t h u s  there s ho u l d  no t b e  any l ong - t e rm d e tr im e n t a l  
e f fe c t s  o f  t h e  mud s th ems e l ve s . 

AP I has  f und ed add i t io n a l  re s e arch e n t i t l e d  " Pl an t  Uptake a nd 
Accumu l a t io n  o f  Me tal s  � r ived from Dr i l l ing F l u id s , "  wh i ch i s  
c urre n t l y  be i ng pe r fo rmed a t  Purd ue Un iver s i ty . l 0 7  Pha s e  I o f  
t h i s  re search i n  g re e nho u s e s  wa s compl e te d  a f t e r  t e s t ing three 
d r i l l i ng mud formul a t io n s  on two f er t i l e  so i l s  w i t h  t wo a g r i c u l ­
t ur al p l a n t s . Te s t  r e s u l t s  thus  f a r  have ind i c ated tha t c adm i um ,  
z i nc , c oppe r , a r s e n i c , and l e a d  were par t i a l ly ava i l ab l e  for uptake 
a nd d i rec tly r e l a ted to concen t r a t i o n ; a nd me r c u ry , c hrom i um ,  a nd 
bar i um wer e  no t ava i l ab l e  for uptake . Pha s e  I I  o f  t h i s  p ro j ec t , 
cons i s t i ng o f  f i e l d  te s t s , i s  und e r  way .  

Ano the r ,  more e x t e n s i v e , n a t ionw i d e s urvey and s t udy i s  be ing 
cond uc ted by AP I .  Th i s  s t ud y  i s  d e s igned t o  mea s ure t h e  e f fe c t s  
tha t d r i l l i ng mud wa s t e , prod uced wa ters , a nd a s so c i a te d  wa s te may 
have on h uman he a l t h  and the e nv i ro nmen t .  The s urvey i s  be i ng 
cond uc ted a t  e x i s t i ng s i te s  used fo r d r i l l ing and prod uc ing ope r a­
t ions . The s t ud y  s ta r t ed i n  the s pr i ng o f  1 9 8 0  and w i l l  cove r 
e ig h t  s i te s  i n  var ious hyd rolog i c  reg ime s  a c ro s s  t he Un i ted S t a te s ; 
i t  i s  sched u l ed to be c omple ted i n  May 1 9 8 2 .  Pha s e  I o f  t he s t udy 
wa s compl e ted Ma rch 2 5 ,  1 9 8 1 , and shows favorab l e  c ompa t i b i l i ty 
o f  c urren t  d i s po s a l  pra c t i ce s  t o  h uman h e a l th a n d  the  
e nv iro nme n t . l OB 

Th e API  s t ud y a l so ind i c a te s that wa s t e s  a s so c i a te d  w i th e x ­
plora t ion , prod uc t io n , and natural  g a s  proce s s i ng f ac i l i t i e s  are  o f  
very l ow vol ume and are s i te s pe c i f i c . Th e p i l ot s tud y s hows no 
pl an t uptake of heavy me ta l s  and no m igra t io n  of h e a vy me tal s 
through und e rg round wa ter aqu i fe r s  f rom the s e  ho l d i ng p i t s . Th e 
s t ud y  doe s i nd i c a te low conce n t r a t ions o f  c h lo r i d e s  f rom s a l t  wa t e r  
m i g r a t i ng f rom t h e  p i t s  t o  t h e  unde rg round wa t e r  aqu i f e r . Th e p i t  
be i ng u s ed i n  th i s  p i l o t  s t udy has a c h lo r i d e  conce n t r a t ion o f  
1 5 0 , 0 0 0  ppm . On the second und e rg round wa t e r  o b s e rv a t i o n  we l l  7 5  
fee t d own s tre am f rom the eme rg e n cy p i t ,  t h e  wa t e r  conta in s 4 5 0  ppm 
c hl or id e s . Ad d i t ional  wo rk i s  i n  prog re s s  to d r i l l  add i t i o n a l  
down-d i p  und erg round aqu i fe r  observa t io n  we l l s  t o  s e e  a t  wha t po i n t  
d i l u t ion o f  the s a l t conce n t rat ion i s  back t o  f r e s h  wa t e r  b a se l i n e . 

The s t ud ie s  ind i c a te a need for E PA to ad opt a d eg r e e  o f  h a z a rd 
for the wa s t e s  the Ag e ncy i s  a t temp t i ng to c l a s s i fy . l 0 9 - l l 3  The 
d egree  o f  h a zard s h o u ld cons id e r  b u l k  vol ume s a nd no t j u s t  the  
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N 
0 
""" 

Tab l e  3 1  

E nvi r o nmenta l E xpenditures in E xpl o r a t i o n  a n d  Produ c t i o n  - - 1 9 7 1 - 1 98 0  

( Mi l l io n s  o f  Do l l ar s ) 

Tot a l  

1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 76 1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  1 9 7 1 - 1 98 0  

C a p i t a l  Expe ndi tur e s  

A i r  $ 1 5  $ 1 7  $ 1 4  $2 7 $ 5 9  $ 8 5  $ 6 8  $ 5 9  $ 5 5  $ 1 2 3  $ 5 2 2  

Water 82 68 62 92 1 1 7 1 3 5  1 87 2 0 6 2 4 0  3 1 6 1 , 5 0 5  

Land and Oth e r  1 3  2 2  2 7  3 8  5 7  7 0  5 4  5 9  6 3  1 2 0  5 2 3  --

Subto tal $ 1 1 0  $ 1 0 7 $ 1 0 3 $ 1 5 7 $ 2 3 3  $ 2 9 0  $ 3 0 9  $ 3 2 4  $ 3 5 8  $ 5 5 9  $ 2 , 5 5 0  

Admi n i s t r a t ive , Oper at i n g ,  
& M a i nt en a n c e  E xpendi tur e s  

A i r  $ 8  $ 8  $ 1 2  $ 1 5  $ 2 0 $2 1 $ 2 8 $ 3 2  $ 3 5 $ 62 $ 2 4 1  

Water 84 66 69 9 0  8 7  1 1 5 1 4 1  1 5 4 1 7 3 2 1 5  1 ,  1 9 4  

Land and Other 1 6  1 6  2 0  2 4  2 9  2 7  3 1  3 8  3 6  5 2  2 89 

Subto t a l  $ 1 0 8 $ 9 0  $ 1 0 1  $ 1 2 9 $ 1 3 6 $ 1 6 3 $ 2 0 0  $ 2 2 4  $ 2 44 $ 3 2 9  $ 1 , 72 4  

Total $ 2  1 8  $ 1 9 7 $2 0 4  $ 1 8 6 $ 3 69 $ 4 5 3  $ 5 0 9  $ 5 48 $ 6 0 2  $ 8 8 8  $ 4 , 2 7 4  

S OURC E : Am e r i c a n  Pet r o l eum I n s t itut e ,  E nv i r o nm e nt a l  E xpe n d i t u r e s  o f  the U n i t e d  S t a t e s  Petro l eum I nd u s t ry, 
1 9 7 1 - 1 9 8 0 , 1 9 8 1 .  



c l a s s i f i c a t ion o f  a h a z a rd o u s  componen t t h a t  may b e  i n  the total  
wa s te s tre am .  

ENVI RONM ENTAL E XPENDI TURES 

Th e explora t io n  and prod u c t io n  segme n t  of the pe t ro l e um 
i nd u s try has  a cons i s te n t  and s u s ta ined record for env i ronme n ta l  
e xpend i tures  a s  shown b y  the d a ta i n  Ta b l e  3 1 .  Ov e r  the pa s t  
decade t h i s  s egme n t  o f  the i nd u s t ry has  i nve s ted ove r $ 2 . 5  b i l l ion 
in env ironme n t a l  f ac i l i t i e s  and $ 1 . 7  b i l l ion in ope r a t i ng the 
fac i l i t i e s . The to t a l  e xpend i t ure s of $ 4 . 2 7 4  b i l l ion spen t by 
e xplora t io n  and prod u c t io n  ope r a t ions repr e s e n t s  abou t 2 0  p e rcen t 
of  the to t a l  pol l u t ion control e xpend i t ure s by the  i nd u s t ry . 
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REFE RENC E S  AN D NOTES 

l i n  o f f s hore Ala ska USGS i nc l u d ed resources  that a r e  r e c o v e r­
ab le onl y i f  tech n o l og y  pe rm i t s  the i r  expl o i t a t i o n  b e n e a t h  Arct ic 
pack ice . 

2The P ub l ic Land Law Rev i e w  Comm i s s i o n  wa s c r e a t ed b y  a n  a c t  
o f  Cong r e s s  o n  Sep t emb e r  19 , 1 9 6 4  ( P L 8 8 - 6 0 6 ) .  Cong re s s  d e c l a red 
t h a t  b e cause of the  l a c k  o f  corre lat ion b e twe e n  e x i s t i ng pub l i c  
l a nd laws a nd b e cau se the pub l i c  land s  w e r e  adm i n i s te red b y  seve r a l  
age nc i e s , the l aws m i g h t  b e  i n ad eq ua t e  t o  me e t  the c urre n t  a nd 
f u ture need s o f  the Ame r i c a n  pe opl e . Cong re s s  c h a rged t h e  c orn­
m i s s ion to unde r t ake a " c omprehens i ve r e v i e w  o f  t h o s e  l aws and 
reg u l a t ions . . .  a nd to de t e rm i ne wh e th e r  and to wh a t  e x t e nt rev i s ions 
th e r eof are  ne c e s s ar y . "  The f i n a l  r epor t  o f  the  C omm i s s i o n  wa s 
rele ased i n  June 1 9 7 0 .  

3 Ib i d . 

4The concep t s  o f  d e  j ure ( b y  l aw )  and d e  f a c to ( i n f ac t ) 
wi thdrawa l s  we r e  i n trod u c ed b y  Gary Benne thurn a nd L .  Cour t la nd Lee 
in a pape r ent i t l ed " I s Our Ac coun t Ove rd rawn ? "  ( Mi n i ng Cong re s s  
Journa l , S ep t . 1 9 7 5 ) .  Wi t hd r awa l s  made b y  Cong r e s s  and the E xec­
u t ive Bra nch und e r  e x pl i c i t  w i thd r awal f r om the ope r a t io n  of  s pe­
c i f i c l a nd l aws s u ch a s  th e m i n e r a l  l aws , c a n  be cons i d e r ed d e  
j u re , wh e re a s  o t h e r  act ions ( o r eve n f a i l u r e s  to ac t )  may so-re­
s tr i ct a c c e s s  to l a nd s  tha t they a r e  wi thd r awn i n  f a c t  ( d e f a c to ) . 
Al though these concep t s  h ave prac t i c a l  s ig n i f i c a nc e , they a re d i f­
f i c u l t  to appl y t o  q ua n t i t a t ive d e f i n i t ions o f  t h e  d eg re e  t o  wh i c h  
l a nd s  are to t a l l y  w i t hd r awn or res tr i c t ed f r om a cc e s s  to some 
exte n t . The U . S .  Depa r tmen t  of  the I n te r ior ' s  F i na l  Repo r t  of the 
Task Force o n  the Ava i l ab i l i ty o f  Fed e ra l ly Owned M i n e r a l  Land s , 
1 9 7 7 , and the Congres s ion a l  O f f ic e  of  Te c h no l og y  A s s e s sme n t  s t ud y  
e nt i tl ed Managemen t  o f  F u e l  a nd Non f u e l  M i n e ra l s  i n  Fed e r a l  Land , 
19 7 9 , have cho s e n  b a s e s d e pe nde n t  i ns t e ad on d e g r e e  o f  r e s t r i c t ion , 
a s  d e te rm i ned b y  the ex t e n t  of res tr i c t ion pr e s e n t  i n  la nd - u se 
p la n s , l eg i s la t ion , po l i c i e s , o r  oth e r  i nd i ca to r s . 

5 1 6  U . S . C .  § § 1 9 0 1 - 1 9 1 2  ( 1 9 7 6 ) ,  P ub l i c  L aw No . 9 4 -4 2 9 .  The 
Act prov i d e s  fo r reg u l a t io n  of " al l  ac t iv i t i e s  re s u l t i ng f rom t he 
e xe rc i se o f  val id e x i s t i ng m i n e r a l  r ig h t s  on pa t e n ted o r  u n pa t e n t ed 
mi n i ng c la ims wi th i n  any a r e a  of the Na t ional P a rk S ys tem " b y  the 
Sec r e t a r y  o f  the I n t e r ior , a nd repe a l ed the appl i c a t ion of mi n i ng 
l aws to a reas o f  the  Na t ional P a rk S ys tem . 

6 u . s .  Depa r tme nt of  the I n te r ior , op . c i t . 

7whe a tl e y , C h a r l e s  F . , J r . ,  e t  al . ,  S tudy o f  W i thd rawa l s  a nd 
Re s e rva t ions o f  P ub l i c  Doma i n  Land s , S ep t emb e r  1 9 7 6 .  

8 Ib id . 

9 Federal  Reg i s te r , 4 4  FR 8 3 0 3 0 . 
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l O Fed e ral Land Pol i cy and Manageme n t  Ac t ( F LP MA ) § 1 0 2 ( a ) ( 4 ) ,  
4 3  u . s . c .  § 17 0 l ( a ) ( 4 ) ,  1 9 7 6 .  

l l Federal  Reg i s te r ; propos ed 4 4  FR 6 9 8 6 8  e t  s eq . , f i n al r u l e  
4 6  F R  5 7 94  e t  s eq . , e x t e ns ion 4 6  F R  1 0 7 0 7  e t  s eq . , e f fe c t ive 4 6  F R  
2 2 5 8 5 e t  seq . 

1 2 Federal  Reg i s te r , 4 6  FR 5 6 7 3 6 . 

1 3 p ub l i c La nd Law Rev i ew Comm i s s ion Repor t ,  op . c i t . 

1 4 u . s  Depa r tme n t  o f  the I n t e r ior , op . c i t .  

1 5 Mounta i n  S ta t e s  Legal  Found at ion v s . And ru s , 4 9 9 F .  S upp . 
3 8 3  ( D .  Wyo . 1 9 8 0 ) .  

1 6 s i erra C l ub vs . Bu t z , 3 4 9  F .  S u pp .  9 3 4 ( N . D .  Cal i fo r n i a ,  
1 9 7 2 ) . 

1 7 c a l i forn i a  vs . Berg l and , 4 8 3  F .  S upp . 4 6 5  ( E . D .  C a l i fo rn i a , 
1 9 8 0 ) .  

1 8 o f f i ce of  Tech no l og y  A s se s sme n t , M i ne ra l  Acce s s ib i l i ty o n  
F e d e r a l  Land s : I n t e r im Report , Cong r e s s  o f  the  Un i t ed S t ate s ,  
Wa s h i ng to n , D . C . , March 1 9 7 6 .  

1 9 u . s .  Depa r tme n t  of  the I n t e r i or , op . c i t .  

2 0 FLPMA § 2 0 1 . 

2 lo f f i c e  of Technolog y  A s se s sme n t , Manageme n t  o f  F u e l  a nd 
Non f u e l  M i n e r a l s  i n  F e d e r a l  Land , op . c i t .  

2 2 FLPMA § 2 0 4 ( 1 ) ( 1 ) . S ta t e s  i nc l ud ed Ar i zona , N ew Me x ic o , 
Cal i fo r n i a , Colorad o , I d a ho , Montana , Nevad a , O r eg o n , U tah , 
Wash ing ton , a nd Wyom i ng . Th e Act spe c i f i e s  t h a t  t h e  i nven tory mu s t  
b e  comple ted b y  1 9 9 1 . 

2 3 Bureau o f  Land Manageme nt , Depar tment Re l e a s e s  Re s u l t  o f  
BLM ' s  Wi thd rawa l s  Rev i ew I nve ntory , u . s .  Depa rtme n t  o f  t h e  
I n te rior , Wa s h i ng to n , D . C . , f o r  rele ase J a n u a ry 1 5 , 1 9 8 0 .  

2 4 Ib i d . 

2 5c a l i forn i a  v s . Bergl and 4 8 3  F .  S upp . 4 6 5  ( D . D .  Cal i fo rn i a , 
1 9 8 0 ) .  

2 6 open le t t e r  to P ub l i c  Land Use rs , b y  the B u r e a u  o f  L a nd 
Ma nag eme n t . 

27 u . s .  G e n e ral Ac coun t i ng O f f i ce , Ac t io n s  Needed to I nc r e a s e  
Fede ral Onshore O i l  and Gas Explora t i on a n d  Dev e l opme n t , A report 
to the Cong r e s s  b y  the Comptro l le r  G e n e ral of  the Un i ted S t a t e s , 
Feb ruary 1 1 , 1 9 8 1 . 
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2 8 I b id . 

2 9 I b id . 

3 0 Depa r tme n t  o f  the I n ter ior , Bureau  o f  I nd i a n  A f fa i r s , 
Annual  S t a t i s t i c a l  Rev iew , 1 9 8 1 . 

3 1Ame r i c a n  Pe troleum I n s t i tu te , Acc e s s  to Fed e r a l  Land s : The 
Key to New S uppl i e s  o f  Dome s t i c  Crude O i l  and N a t u r a l  G a s , May 
1 9 8 1 . 

3 2Bureau o f  Land Manageme n t  reg u l a t ions und e r  Cod e o f  Fede r a l  
Reg u l a t i ons 4 3  C F R  3 1 0 0 . 0- S ( a ) . 

3 3 For e x ampl e , s e e  S te ub i ng D i s s e n t  i n  Re s e rve O i l , I nc . , 
I n te r ior Boa rd o f  Land Appe al s , 4 2  I B LA 1 9 0  ( 1 9 7 9 ) .  

3 4Rocky Mou nt a i n  O i l  and Gas  Assoc i a t i o n  v .  And ru s , C iv i l  No . 
7 8 - 2 6 5 ( D .  Wyo . Nov . 7 ,  1 9 8 0 ) .  

3 5 For exampl e ,  s e e  Rob e r t  W .  Dav id , I n t e r ior Boa rd o f  Land 
Appe a l s  4 0  I BLA 2 3 6  ( 1 9 7 9 ) ; De l l  K .  H a tc h , s u pr a ;  C arol Le e H a tch , 
5 0  I BLA 8 0  ( 1 9 8 0 ) ;  H . E .  S h i l lande r ,  4 4  I BLA 2 1 6  ( 1 9 8 0 ) .  

3 6 see Coope ra t i ve Proced ure s Perta i n i ng to O n s hore O i l , Gas  
a nd Geothermal Re sou r c e s  Ope r a t ions - - Memo rand um O p i n i o n  of  the 
D i r e c to rs of t h e  U . S .  Geol og i c a l  S u rvey and the  B u r e a u  o f  Land 
Manageme n t  ( Novemb e r  2 9 , 1 9 7 4 ) .  

3 7 s e e  Coope r a t ive Proced ures  P e r t a i n i ng t o  On shore O i l , Gas  
and Geoth e rmal Re sourc e s  Ope ra t ions -- Memorandum Opi n ion o f  the 
D i rectors o f  the u . s .  Geolog i c a l  S urvey a nd t h e  Bur e au o f  Land 
Ma nageme n t  ( Ma r c h  1 9 7 7 ) .  

3 8 u . s .  Gen e r a l  Ac c o un t i ng O f f ic e , op . c i t .  

3 9Ame r ican P e t ro l eu m  I ns t i t ute , The Search  for O f fshore O i l  
and G a s  - - A N a t ional I mpe r a t ive , 1 9 8 1 . 

4 0 I b i d . 

4 1 I b i d . 

4 2 Ib i d . 

4 3u . s .  G e n e ral Ac c oun t i ng O f f i c e , I mpac t  o f  Reg u l a t ions A f te r  
F e d e r a l  Lea s i ng on OCS O i l  and Gas Deve lopme n t , Feb r u a ry 2 7 , 1 9 8 1 . 

4 4 Federal  Reg i s te r , 4 6  FR 4 5 6 7 2 , S eptemb e r  1 4 , 1 9 8 1 . 

4 5 s e n a t e  Repo r t  9 5- 7 5 3 . 

4 6 p ub l i c  Law No . 9 4 - 3 7 0 ,  S e c . 3 0 2  ( i ) . 
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4 7 House of Repr e s e n t a t iv e s  repo r t , H .  R .  9 6 - 1 0 1 2 . 

4 8Ame r i c a n  Pe troleum I ns t i tu t e , The S earch f o r  O f f shore O i l  
and Gas  -- A N a t i onal  I mpe r a t i v e , op . c i t .  

4 9 Ib id . 

5 0 For examp l e : E n v i ro nme n t a l  Re search & Te chno l ogy , I nc . , 
for the B u s i ne s s Rou nd t ab le ,  A i r  Qual i ty P ro j e c t , Vo l .  I I I , 1 9 8 0 ;  
Na t ional Coun c i l  on A i r  Qua l i ty , To Brea the C l ea n  A i r , March 1 9 8 1 . 

5 1Ame r i can Pe tro l eum I ns t i tute , Ma j or Leg i s l a t i v e  a nd 
Reg u l a tory Imped ime n t s  to Conve n t ional and Synthe t i c  Fue l  E nergy 
Deve lopme n t , Ma r ch 1 ,  1 9 8 0 . 

5 2 I b id . 

5 3 p ub l i c Law 9 5 - 3 7 2 . 

5 4 API t e s t i mo ny pr e s e nted b e fore the U . S .  S e na t e  Env i ronme n t  
and Pub l i c  Work s C ommi t te e , J u l y  8 ,  19 8 1 . 

5 5B e r ry ,  W .  L . , " D i s po s a l  of Dr i l l i ng Was te s  from O n s ho r e  
Ope ra t ion s , "  pre sen ted a t  U N E P  Env i ro nme n t a l  C o ns u l t a t i ve C omm i ttee  
on the  Pe troleum I nd u s try in  P a r i s , France , June  2 - 4 , 1 9 8 1 . 

5 6 P e s a ra n ,  Dj avan , E f fe c t  o f  Dr i l l i ng F l u i d  Compo ne n t s  a nd 
M i x tures on P l a n t s  and S o i l s , Utah S ta t e  Un i ve rs i ty :  Ma s te r ' s  
Thes i s ,  19 7 7 .  

5 7okla homa Corpo r a t ion Commi s s ion , R u l e  3 - 1 1 0 . 3 ,  Apr i l  2 , 
1 9 8 1 . 

5 8 u . s . Environme n t a l  Protect ion Age n cy , " Deve l opme n t  Do cume n t  
for I n te r im F i nal E f f l u e n t  L im i t a t ions Gu i d e l i ne s  a nd P r opos ed N ew 
Source P e r formanc e  S ta nda rds for the O i l  & Gas  E x tra ct ion , "  
( pape r ) , Po i n t  Source C a teg o ry , S ep temb e r  1 9 7 6 .  

59 soc i e ty o f  Pe trole um E ng i ne e rs o f  AI ME ,  " P e troleum P rod uc­
t ion a nd the Envi ronme nt , "  ( pape r ) 1 9 7 5 . 

6 0 L i t t le , Art h u r  D . , I nc . , Cost  o f  Comp l i a n c e - P roposed Und e r­
g round I n j e c t ion Con t rol P rog ram , O i l  and G a s  We l l s , pr epa red f o r  
Of f ice of  Dr i nk i ng Wate r/Env i ronme n t a l  Prote c t ion Age n c y ,  J une 
1 9 7 9 . 

6 l cod e o f  Fed e r a l  Reg u l a t ion s , 4 0  CFR P a r t  1 1 0 . 

6 2 oe tk i ng , R .  B . ; Wa tson , R . ; Merks , C . , " S ur f a c e  and S h al low 
Sub s u r fac e S ed i men t s  o f  the Near- S hore Con t i ne n t al S he l f  of S o u th 
Central Lou i s i ana , "  The Of f s hore Ecolog y  Inve s t ig a t ion , R i c e  
Un i ve rs i ty S t ud i e s , Vo l .  6 5 ,  1 9 8 0 . 
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6 3 s h i nn ,  E .  A . , " E f fe c t s  of  O i l  F i e l d  B r i ne , Dr i l l i ng Mud , 
C ut t i ng s  a nd O i l  P la t forms o n  the O f fs hore E n v i ro nmen t , " Proce ed­
i ng s  of  E s tu a r i ne Re s e arch F ed e rat ion , O u t e r  Con t i ne n tal S h e l f 
Conference a nd Wo rks hop , Bureau of Land Manag emen t ,  1 9 7 4 . 

6 4 C 1 ° 1 J G ,., C H Eb t E E " A  t 0 f 0 0 1 a r  1 s  e ,  . . ; .1 urne r , • . ; e r  , . . , r 1 1 c 1 a  
Hab i ta t  i n  the Mari ne Env i ronme n t , "  Cal i fo rn i a  Dep a r tme nt o f  F i sh 
and Game , F i sh Bu l l e t i n , Vo l .  1 2 4 ,  1 9 6 4 . 

6 5 Mon aghan , P .  H . ; McAu l i f fe ,  C .  D . ; We i s s , F .  T . , " En v i ron­
me ntal Aspe c t s  of  Dr i l l i ng Mud s  and Cut t i ng s  f r om O i l  and G a s  
Ope r a t i ons i n  O f f s ho r e  a nd Coa s t a l  Wa t e r s , "  P roceed i ng s , O f f s hore 
Tech n o l og y  Confe rence , 1 9 7 7 .  

6 6 z i ng u l a , R .  P . , " E f fe ct s  of  Dr i l l i ng O pe ra t i ons on the 
Mar i ne E nv i ronme n t , " pre se n t ed at the Conference  on E nv i ronme n t a l  
Aspe ct s  of  Chem i c a l  U s e  i n  We l l- Dr i l l i ng Ope r a t ion , s po ns o red b y  
Envi ronme n t a l  Prot e c t ion Age n cy ' s  O f f i c e  o f  To x i c S ub s ta n c e s ,  
Hou s ton , T e x a s , May 2 1- 2 3 , 1 9 7 5 . 

6 7 Hough ton , J .  P . ;  B r i tch , R .  P . ; M i l le r ,  R .  C . ; Run c h a l , 
A .  K . ;  Fal l s , c .  P . , " Dr i l l i ng F l u id D i spe rs ion S t ud i e s  a t  the  
Lowe r Cook I n l e t ,  Ala ska , C . O . S . T .  We l l , "  I n  P ro c e ed i ng s  o f  the 
Sympos ium : Re sea r ch on the E nv i ronme n t a l  Fate a nd E f f e c t s  of 
Dr i l l i ng F l u id s  a nd C u t t i ng s , s po nsored b y  E nv i ronme ntal  P ro t e c t ion 
Age ncy a nd Ame r i c a n  Pe tro l eum I ns t i tute , Lake B u e n a  V i s t a , F l o r i d a , 
J a nu a ry 2 1- 2 4 ,  1 9 8 0 .  

6 8oe tk i ng e t  al . ,  op . c i t .  

6 9s h i nn ,  op . c i t .  

7 0c a r l i s l e  e t  al . ,  op . c i t .  

7 1 Me ek , R .  P . ;  Ray , J . P . , " I n trod uced S ed i me nt a t i on , Ac­
c umu l a t ion , and Tra nspo r t  Re s u l t i ng from Explora tory Dr i l l i ng 
D i sch a rg e s  of  Dr i l l i ng F l u id s  a nd Cu t t i ng s  o n  the Sou the rn 
Cal i forn i a  Oute r Con t i ne n t a l  She l f , "  In Proce e d i ng s  o f  t h e  
Sympos ium : Re s e a rch on t h e  Env i ronme ntal F a te a nd E f fe c t s  o f  
Dr i l l i ng F l u id s , a nd C ut t i ng s , sponsored b y  E n v i ronme n t a l  Pro­
tect i o n  Ag e n cy and Ame r i c a n  Pe troleum I ns t i tu t e , Lake B u e n a  V i s ta , 
F l o r i d a , J a n uary 2 1 - 2 4 , 1 9 8 0 . 

7 2 z i ng u l a , op . c i t .  

7 3 Ray , J .  P . ; S h i nn , E .  A . , " E nv i ro nme n t a l  E f fe c t s  o f  Dr i l l­
i ng Mud s and C u t t i ng s , "  P r e s e nted a t  the Conf e re nce o n  Env i ronme n­
t a l  Aspe cts  o f  Chem i c a l  U s e  i n  Wel l- Dr i l l i ng Ope ra t i on s , s po n sored 
b y  Env i ronme ntal  P rot e c t i on Age ncy ' s  O f f i c e  o f  To x i c  S ub s t ance s ,  
Hou s to n , Te xas , May 2 1 - 2 3 , 1 9 7 5 .  

7 4 z i ng u l a , op . c i t .  

7 5 Ray a nd Sh i nn , op . c i t .  
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7 6Al so found b y  Z i ng ula , op . c i t .  

7 7Ray , J .  P . ; Me ek , R .  P . , "Wa t e r  C o l umn Charac t e r i z a t io n  of 
Dr i l l i ng F l u i d s  Di s pe rs ion from an O f fs hore E xplora tory We l l  o n  
Ta nne r B a nk , " I n  P roceed i ng s  of  t h e  Sympos i u m :  Re s e a rch on t h e  
Envi ronmen tal  F a t e  a nd E f fects  of  Dr i l l i ng F l u i d s  a nd C u t t i ng s ,  
spo nso red b y  E nv i ronme n t al P rot ect ion Ag e n cy a nd Ame r i c a n  P e troleum 
I ns t i tute , Lake B u e n a  V i s ta , F l or id a ,  J a n uary 2 1 - 2 4 , 1 9 8 0 . 

7 8 Ib id . 

7 9 Hough ton e t  al . ,  op . c i t . 

8 0Aye rs , R .  C . , J r . ;  S a ue r , T .  C . , J r . ;  Meek , R .  P . ; Bower s ,  
G . , " An Env i ronme ntal  S tud y to Asse s s  the Impa c t  of  Dr i l l i ng D i s­
ch arges i n  the M id-A t l a nt ic , I .  Qua n t i ty a nd F a te o f  D i s ch arge s , "  
I n  Proceed i ng s  o f  the Sympos ium:  Re s e a rch on the Env i ronme ntal  
Fate  a nd E f fects  o f  Dr i l l i ng F l u id s  a nd C u t t i ng s , s po n so red b y  
Env i ronme n tal P r ot e c t ion Age ncy a nd Ame r i c a n  P e t r o l e um I n s t i tu te , 
Lake B ue na V i s ta , F l o r ida , J a nuary 2 1 - 2 4 ,  1 9 8 0 . Aye r s , R .  C . , J r . ;  
S au e r , T .  C . , J r . ;  S tueb ne r , D .  o . ; Meek , R .  P . , "An  Env i ronme ntal 
Study to As ses s the E f fe ct s  of  Dr i l l i ng F l u id s  o n  Wa t e r  Qua l i ty 
Pa rame ters Dur i ng H i g h  Ra te , H i g h  Vo l ume D i sc h a rg e s  to the Oc e a n , "  
I n  Pro c e ed i ng s  of  the Sympos i u m :  Re sea rch on the E n v i ronme n t a l  
F a t e  and E f fe c t s  o f  Dr i l l i ng F l u id s  a nd C u t t i ng s , s po ns o red b y  
E nv i ronme n tal P rote c t ion Age ncy a nd Ame r i ca n  P e t ro l eum I ns t i t ute , 
Lake Buena V i s ta , F l or id a , Janu a ry 2 1- 2 4 ,  1 9 8 0 . 

8 1 These b i o a s s ays fo r d r i l l i ng f l u id c ompo n e n t s  have b e e n  
s umma r i z ed b y :  McAu l i f fe ,  C .  D . ; Palme r , L .  L . , " E n v i ro nme n t a l  
Aspe c t s  of  Of f shore D i s po s a l  o f  Dr i l l i ng F l u id s a nd Cu t t i ng s , " 
P ape r pre se n t ed a t  the  4 6 th Annual C a l i fo r n i a  Reg ional Me e t i ng , 
Soc . Pe t .  E ng . o f  A I ME , Long Beach , CA , Apr i l  7 - 9 , 1 9 7 6 ;  a nd 
Mon aghan e t  al . , op . c i t .  

8 2Gawe l , L .  J . ; H udd l e s ton , R .  L . , " Th e  B i odegradab i l i ty o f  
Low Concentrat ions o f  C e rt a i n  Qua ternary Ammo n i um An t im i c rob i al s  b y  
Bacte r i a , "  Pre s e n t ed a t  Ame r i ca n  O i l  Chem i s t s ' S oc i e ty N a t i o n a l  
Me e t i ng , L o s  Ang e l e s , C al i fo rn i a , Apr i l  2 3 - 2 6 , 1 9 7 2 . 

8 3 F al k ,  M .  R . ; Lawrence , M .  J . , A c u t e  Tox i c i ty o f  P e t ro­
chem i c a l  Dr i l l i ng F l u i d s  Compone n t s  and Wa s te s  to F i sh , Re s ource 
Manageme nt Branch , C e ntral Reg ion , E nv i ronme nt C a nad a , 1 9 7 3 . 

8 4 Loga n ,  Wi l l i am J . ;  S prag ue , John B . ; H i cks , B r ad ley D . , 
" Ac u te Le thal  To x i c i ty to Trou t of  D r i l l i ng F l u i d s  and The i r  
Cons t i tue n t  Chem i c a l s  a s  Used i n  the No r t hw e s t Te r r i to r i e s , "  Repo r t  
of  t h e  F i s h e r i e s  Se rv i ce , C e n tr a l  Reg ion , Re s ource Deve l opme n t  
B r anch , E nv i ronme nt Canad a , Apr i l  3 0 ,  1 9 7 3  ( Appe nd i x to F al k ,  
M .  R . ; Lawrenc e ,  M .  J . , Ac u te Tox i c i ty o f  P e t rochem i c a l  Dr i l l i ng 
F l u id s  Compone n t s  and Was te s  to F i sh , R e s o u r c e  Manageme n t  B r an ch , 
Ce n tr a l  Reg ion , E n v i ro nme n t  Canada , 1 9 7 3 ) .  

8 5B e ak Cons ul t a nt s ,  D i s po s a l  o f  Was te Dr i l l i ng F l u i d s  i n  t h e  
C anad i an Arct i c , Repo r t  t o  Impe r i a l  O i l  L td . , C a n ad a ,  1 9 7 4 . 
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8 6 Lawrenc e ,  M . ; S ch e re r , E . , Beha v i o r a l  Re s po n s e s  o f  Wh i te­
f i s h  and Ra i nb ow T ro u t  to Dr i l l i ng F l u id s , F i s he r i e s  a nd Ma r i ne 
S e rv ice , Env i ronme n t  Canada , 1 9 7 4 . 

8 7Atlan t i c R i ch f i e l d  C ompa ny , " D r i l l i ng F l u id D i s pe r s i o n  a nd 
B i o l og i c a l  E f fe ct s  S t udy fo r the Lowe r Cook I n l e t  C . O . S . T .  We l l , "  
P repa red b y  Dame s a nd Moor e , 1 9 7 8 . 

8 8 conk l i n , P .  J . ; Dough t i e , D .  G . ; Rao , K .  R . , " E f fe c t s  of  
B ar i te a nd U s ed D r i l l i ng Muds on Cru s tac e a ns , wi t h  P a r t i c u l a r  
Re ference to t h e  Gra s s  S hr imp , P a l aemone t e s  pug i o , "  I n  Proceed i ng s  
o f  the Sympo s i u m :  Re s e a rch o n  t h e  Env i ronme n t al Fate  a n d  E f fe c t s  
o f  Dr i l l i ng F l u id s  a nd C u t t i ng s , spon sored b y  E n v i r onme n t a l  P ro­
tect ion Ag e n cy a nd Ame r i c a n Pe trole um I ns t i tu t e , Lake B u e n a  V i s t a , 
F l o r i d a , J a n ua ry 2 1 - 2 4 , 1 9 8 0 . 

8 9Ge rb e r ,  R .  P . ; G i l f i l la n , B .  T . ; Page , D .  S . ; H o t h am , J .  B . , 
" S hort a nd Long T e rm E f fe ct s  o f  Used Dr i l l i ng Fl u i d s  o n  Mar i ne 
Organ i sms , "  I n  P roce e d i ng s  of the Sympos i u m :  Re s e a rch o n  the 
E nv i ronme ntal  Fate  a nd E f fe c t s  o f  Dr i l l i ng Fl u id s  a nd Cu t t i ng s ,  
spo n sored b y  E n v i ronme n t a l  Protect ion Agency and Ame r i ca n  P e tro l eum 
I ns t i tu t e , Lake B u e n a  V i s ta , Florid a , J a nu a ry 2 1- 2 4 , 1 9 8 0 . 

9 0Ne f f ,  J .  M . ; McC u l l och , w. L . ;  C a r r , R .  S . ; Re tz e r , K .  A . , 
" Compa ra t i ve Tox i c i ty o f  Four Us ed O f f s hore Dr i l l i ng Mud s to 
Seve r al S pe c i e s o f  Ma r i ne An ima l s  from t he Gu l f  of M e x i c o , "  I n  
Pro c e ed i ng s  o f  the  Sympos i um :  Research o n  the E n v i ronme n t a l  F a t e  
a nd E f fe ct s  o f  Dr i l l i ng F l u i d s  and Cu t t i ng s ,  s po ns o r ed b y  E nv i ron­
me n t a l  P r ot e ct ion Age ncy a nd Ame r ican Pe tro l eum I ns t i t u t e , L ake 
Bue na V i s ta ,  F l or i d a , J a nu a ry 2 1- 2 4 , 1 9 8 0 .  

9 1Tornb e rg , L .  D . ; T h i e l k , E .  D . ; N ak a tan i ,  R .  E . ; M i l l e r , 
R .  C . ; H i l lman , S .  0 . , "Tox i c i ty of Dr i l l i ng F l u i d s  to Mar i ne 
Org a n i sms i n  the Beau fort Se a ,  Alaska , "  I n  Proceed i ng s  o f  the 
Sympos ium : Re s e a r ch on the E nv i ronme n t a l  F a te and E f fe c t s  o f  
Dr i l l i ng F l u id s a nd C u t t i ng s ,  s po nsored b y  E n v i ronme n tal P rot e c t ion 
Age ncy a nd Ame r i c a n  Pe tro l eum I n s t i tute , Lake B ue n a  V i s t a , F lo r i d a , 
January 2 1- 2 4 , 1 9 8 0 .  

9 2 Rub e n s t e i n , N .  I . ;  Rigb y ,  R . , D ' As aro , C .  N . , " Ac u t e  a nd 
Sub l e t h a l  E f fe ct s  o f  Who l e  Used  D r i l l i ng F l u i d s  on Re pre s e n t a t i ve 
E s tua r i ne Org a n i sms , "  I n  Proceed i ng s  o f  the Sympo s i um :  Re s e ar ch on 
the E nv i ronme n t a l  Fate a nd E f fe ct s  o f  Dr i l l i ng F l u i d s  a nd C u t t i ng s , 
s po nso red b y  Env i ronme n tal P rotect ion Ag e ncy and Ame r i c a n  P e troleum 
I ns t i tute , Lake B ue na V i s ta , Florida , Ja nuary 2 1 - 2 4 , 1 9 8 0 . 

9 3 conk l i n  e t  al . ,  op . c i t . 

9 4Hough ton e t  al . ,  op . c i t .  

9 5 Ma r i an i , G .  M . ; S i c k ,  L .  V . ; Joh nso n , C .  C . , " An Env i ron­
me n t a l  Mon i tor i ng S tud y to As s e s s  the Impac t  o f  D r i l l i ng D i s c h a r g e s  
i n  t h e  M id-Atl a n t i c . I I I . Chem i c a l  and Phys i c a l  Al t e ra t ions i n  
t h e  Benth i c  E nv i ronme n t , " I n  P roceed i ng s  o f  the Sympos i um :  Re­
s e a rch o n  the Env i ronme ntal Fate and E f fe ct s  of Dr i l l i ng F l u id s  a nd 

2 1 2  



Cu t t i ng s , s po n so r ed b y  E nv i ronme n t a l  Prot e c t ion Agency a nd Ame r i c a n  
Pe troleum I ns t i tu t e , L a k e  Buena  V i s t a , F l o r id a , J a n u a ry 2 1- 2 4 , 
1 9 8 0 . 

9 6 T i l l e ry , J .  B . ; Thoma s , R .  E . , " H e avy M e t a l  C o n t am i n a t ion 
from Pe tro le um P rod uc t i on in the Central  G u l f  o f  Mex i c o , "  In Pro­
ceed i ng s  of  the Sympos i um : Resea rch on the E n v i r o nme n t a l  F a t e  and 
E f fe c t s  of Dr i l l i ng F l u i d s and Cu t t i ng s , s po n s o r ed b y  E nv i ronme n t a l  
P rot ect ion Age ncy a nd Ame r i can Pe trol eum I ns t i t u t e , L ake B uena 
V i s ta , F l or ida , January 2 1- 2 4 ,  19 8 0 .  

9 7McC u l l ock , W .  L . ;  N e f f ,  J .  M . ; C a rr , R .  s . , " B i oava i l ab i l i ty 
of S e le c ted Me t a l s  from U s ed O f fshore Dr i l l i ng Mud s to th e C l am 
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C HAPTER THREE 

REF IN ING 

I NDUS TRY OPERAT I ONS 

I NTRODUCT ION 

From the 1 8 6 0 ' s  un t i l  1 9 2 0 ,  re f i n i ng ope r a t i o n s  were g e n e r a l l y  
l im i ted to c rud e o i l d i s t i l l a t ion fo r t h e  prod uc t io n  o f  ke ros i ne . 
The pe tro l e um re f i n i ng i nd u s try i n c re a s ed i n  proce s s i ng capac i t y  
f rom 1 1 , 6 8 0 barre l s  pe r d a y  i n  1 8 6 5  t o  1 4 2 , 4 6 5  barre l s  p e r  d ay i n  
1 9 0 0 .  By 1 9 6 0 ,  capa c i ty s tood a t  9 . 9  m i l l io n  b a r re l s  p e r  d ay .  
Capa c i ty nearly d oub l ed ove r  the nex t 2 0  y e ar s ; by 1 9 8 0  ope r a t ing 
capac i ty wa s 1 7 . 6  m i l l ion b ar re l s  p e r  d ay . l 

In the Un i te d  S t a te s , re f i n e r ie s '  c r ud e  o i l  i np u t  var i e s f rom 
1 9 0 barre l s  pe r d ay to 6 4 0 , 0 0 0  barre l s  pe r d ay . Th e s imp l e s t  re ­
f iner ie s " top " the  c r ud e  o i l and are u s u a l l y  l im i t e d  to a tmos ph e r i c 
d i s t i l l a t ion and , i n  some c a se s ,  v a c u um d i s t i l l a t i o n  ( F i g u r e  2 7 ) . 
The se p l a n t s  prod uc e o n l y  a f ew prod uc t s , s uc h  a s  naph t ha s , d i s t i l ­
l ate s , r e s i d u a l  f ue l s , a nd a sph al t s . Mo re c omp l e x  re f i n e r i e s  h a v e  
proc e s s  un i t s  s uch a s  c ra c k i ng , a lkyl a t io n , re formin g , i some r i z a­
t ion , h yd ro tre a t i ng , a nd l ub r i c a n t  proc e s s i ng ( F i g u r e  2 8 ) ,  prod uc­
i ng a wide  range o f  prod uc t s , i nc l ud i ng g a so l i ne s , l ow-s u l f ur f ue l 
o i l s , l ub r icant s ,  pe trochem i c al s ,  and pe trochem i c a l  feed s to ck s . 

Crud e o i l  i s  a m i x t ur e  o f  tho u s a nd s  o f  d i f f e re n t  hyd roc ar bon s 
wi th a wide  range o f  bo i l ing po i n t s . In add i t io n , c r ud e  o i l  
c onta i n s  compound s w i th v a r i o u s  amoun t s  o f  s u l f ur , n i trog e n , and 
oxygen , p l u s  s a l t ,  trace  me ta l s , and wa te r . Cr ud e  o i l  c an rang e 
f rom an almo s t  c l e a r  l i qu id , s im i l ar to g a so l i n e , to a p i tc h , tar­
l i ke ma te r i al tha t i s  v i scous and mu s t  be h e a ted be fore i t  w i l l 
f low through a p i pe l i ne . Crud e o i l  i s  typ i c a l l y  d e s i g n a te d  a s  
e i ther s wee t o r  sour , a nd e i t h e r  l ig h t  o r  he avy . Gen e r a l ly , s we e t  
c rud e o i l  conta i n s  0 . 5  we ig h t  pe rcent or l e s s  to t a l  s u l f ur , and 
sour c r ud e  o i l  conta i n s  more tha n  0 . 5  we i g h t  p e r c e n t  s u l f u r . L i g h t  
c rude o i l  i s  d e f i ned a s  hav i ng a n  AP I g rav i ty g re a te r  than 2 5 ° , a nd 
he avy c r ud e  o i l  h a s  a g r av i ty o f  2 5 °  o r  l e s s . 

The i n i t i a l  re f i n ing proce s s  separate s c r ud e  o i l i n to bo i l i ng 
rang e frac t ion s . Th e s e  f r a c t ions are then proc e s sed by c rack i ng 
the l a rg e  hyd roca rbo n mol e c u l e s  i n to smal l e r  one s . The s t r uc t ur e  
o f  some o f  these mo l e cu l e s  i s  rearranged and o th e r s  a r e  j o ined  i n  
d i f fe re n t  comb i n a t ions t o  prov ide t h e  d e s i red componen t s  for 
b l e nd i ng i n to f i n i sh ed prod u c t s . Th i s  take s pl ace in a n umber o f  
re f i n e ry proc e s s  un i t s , e a ch w i t h  a spec i f i c p urpos e ,  i n te g r a te d  
into a proc e s s i ng seque n c e . Th e type and n umber o f  r e f i n e ry pro­
c e s s  un i t s  i n  a g iven p l a n t  d epend s upon the type of c r ud e  o i l  to 
b e  proc e s sed , prod uc t r eq u i reme n t s , a nd econom i c  f a c to r s  s uc h  a s  
crude o i l  cos t s , prod uc t va l ue s , and ava i l ab i l i ty and co s t  o f  
u t i l i t i e s  and equ i pmen t . Th e type and s i z e  o f  proc e s s i ng un i ts 
thus var i e s  g re a t l y . Th eore t i c a l ly , any pe tro l e um o r  pe tro­
chem i c a l  prod uc t c a n  b e  man u f a c t ured f rom any type of c r ud e  o i l . 
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C R U D E  O I L  D ISTI L LATI O N  L I G HT GASES, PLANT FUEL GAS 

C R U D E  O I L  

,-- - -- - -- - - - -- - -- - - - � 
I ..... � .......... 

H EAVY NAPHTHA 

KEROS I N E/ D I ESEL FUEL 

ATMOSPH E R I C  GAS O I L  

'T/ 
I ATMOS PHER I C  R ES I D U U M  
� -- - - -- - - --- - - -- - - --- ----- - - -�� 

F igure 27 .  Crude O i l  S k i m m i ng or Topp i n g  P lant. 

The fo l l owi ng l egend app l ies to F igures 27 t h ro u g h  54: 
HYDROCARBON 
WATER 
GASES 
SOLI DS,  SEM I-SO L I DS 
ADD I T I VES,  C H EM I CALS 
NO D ES I G N AT I O N  
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PRODUCTION 

CRUDE OIL 
STORAGE 

VACUUM 
DISTI LLATION .-j 

GASES FROM 
TOPPING AN D - ·  ...... 

FUEL GAS 
- - - - --- - - - - - - - - - · - · - · - · - · - · - -- · -
- - - - -- · - · - ·--, 

PROPANE (LPG) I -·---·-·-·-· - ·---, 
I 

CRACKING U N ITS 

TANE - BUTYLENE I I . I I i CATALYTIC ·- ...._·-·-· - · � ALKYLATION r-""1 , POLYMER IZATION I N O N E N E  AND DODECENE 

,-

• (TO PETROCHEMICALS) � � 
l GAS RECOVERY AND 

- - - - - - · - - - - - - - - -- - -- - -eiuiDE('LPG) FEED PREPARATION NAPHTHA TO GASOLINE ALKYLATE 

GAS O I L  

-UI:.I'H: 

BUTANE AND ADDITIVES AVIATION GASOLINE 
- · -- · -- · -- · -•-r 

BENZENE (TO PETROCHEMICALS) 

TETRAETHYL LEAD. TCP, AND OTHER ADDITIVES 

BUT A;E� �:;SI��lH·E-;_�-�-;SO����.
-����-- ·· · · --· -- · ---····! ---·-·-···3, ! I t 

CRACKING 
(CATALYTIC AN D 

THERMAL) 
� 

...J.. 

MOTOR GASOLINE 

KER O S I N E  AND JET FUEL 

HEATING OIL AND DIESEL FUEL 

tsWEETENING AND 
BLENDING 

f----11 RESIDUAL FUEL O I L  

+ 
..-------------------� i COKE 

. 
- -- - · -- - - -- - - -- - - -- - - - -- ---.. . I 

ATMOSPH E R I C  
R E S I D  

COKING f- I C R U D E  DEOILED 
' 

WM 
' 

: " "  HYDROTREATING "Y�x____ ____ _  I F I N I S H E D  wAx 

WAX 
DISTILLATE 

HEAVY 
DISTI LLATE 

] 

L L...J COKE _J I - - - - - - -- - - - -� 
- ·- · · - · · - · · - · ·  

I 

SOLVENT 
DEW AXING 

ADDITIVES 

--- · ---,··-----··� 
l PURIFIED O I L  I +' 

��------------------------- I RAW PETROLATU M 

( M EK BARISOL F I N I S H ED BASE O I LS LUBE O IL I LUBRICATING O I L  

HEXANE) BLENDING I 
I 

T 

I 
TREAT I N G  I 

... ..  
SOLVENT '-· DEW AXING 

SOLVENT 

I M P U R I T I ES 
TO CRACK I N G  

TJ?EWAXED D I L
l I HYDROTREATING  

• 

GREASE ; GREASE � -��!�- MANUFACTURE 
� . .  -- - - -- ·· ....... 

I 
· · -- - - -- - - -- - - -- · - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - - - -- - - -- - - -- - - - - - -- - - -- .. 

R E S I D U U M  SOLVENT 
EXTRACTION 

(FURFURAL 
DUO-SOL) 

NOTE: The legend appea rs on Fig u re 2 7 .  Fig u re 28.  S i m pl i f ied Flow C ha rt of a Com p l ex Ref inery .  



Howe ve r , a r e f i ne r y  i s  d e s ig ned based on the ava i l a b l e  c rud e o i l  
and the  marke t d emand for produc t s . 

The ope r a t ion o f  a r e f i n e ry c a n  be d iv id ed i n to s even s t ep s : 

• Sepa r a t ion o f  Crude  O i l . The mos t  w id e l y  u s e d  me thod s fo r 
s epa r a t i ng crude o i l  are a tmosphe r ic and v a c u um d i s t i l l a­
t ion . So l ve n t  e x tr a c t ion , absorp t io n , and  c ry s t a l l i z a t i o n  
a r e  a l so u s e d , b u t  t o  a muc h sma l l e r  deg ree . 

• Conve r s ion o f  Hydroca rbon Mol e c u l e s . Co nv e r s i o n  proce s s e s , 
wh i ch change the  s i ze or s t r uc t ur e  o f  the  h yd rocarbon mol e­
cu l e , conv e r t  some o f  the c r ud e  o i l  f r ac t i o n s  i n to h i g he r  
val ue prod uc t s . The mos t  c ommon conve r s ion proce s s e s  are  
c rack i ng ( therma l , c a talyt i c , v i sc os i ty b r e ak i ng , h yd ro­
crack i ng , and cok i n g ) ,  c omb i n i n g  ( a lkyl a t ion and po l y­
me r i z a t ion ) ,  a nd rearrang i ng ( ca t a ly t i c  r e f o rm i ng and 
i some r i z a t io n ) .  

• Trea t ing C ru d e  O i l  F r a c t ions . Some o f  the  o r i g i n a l  s u l f ur 
compounds are  conver ted to hyd rog e n  s u l f id e  ( H 2S ) , wh i c h  
c a n  b e  separa ted a n d  conve r ted t o  e l emen t a l  s u l fu r . Un­
d e s i r ab l e  s u l f ur compound s are removed by t r e a t ing pro­
c e s s e s  s uch as h yd rod e s u l f ur i z i ng and chem i c al tre a t in g . 

• B l e nd ing Hydroc arbon Prod u c t s . Mos t  pe t ro l e um prod uc t s  are 
a b l end o f  hyd ro ca rbon frac t 1ons o r  compo n e n t s  prod uced by 
var i ous r e f i n e ry proce s se s . Mo to r g a s o l i n e  is a b l e nd o f  
va r ious g a so l i n e  b l e nd i ng s to ck s , i n c l ud i ng r e fo rrna te , 
a lkylate , s tr a igh t-run naphth a , t h e rma l ly and c a ta ly t i c a l ly 
cracked g a so l i ne , a nd necessary ad d i t ive s . Th e v a s t  n umber 
o f  f ue l  o i l s , l ubr i c an t s , and asph a l t  prod u c t s  are b l e n d s  o f  
re f i ne ry b ase s to ck s . 

• Aux i l iary Ope ra t i ng F ac i l i t ie s . A n umber o f  r e f i n e ry u n i t s  
are u s ed t o  ma i n ta i n  norma l opera t i ng cond i t ion s . The s e  
un i t s suppo r t  proc e s s e s  such  a s  h yd ro tre a t i ng , i mprove e f f i ­
c ie n c y  by a l l ow i ng r e-use of  wa t e r  and the  u s e  o f  s o ur g a s  
a s  f ue l , a nd h e l p  t h e  re f i n e ry mee t e nv i ro nme n ta l  s tand ard s .  
In c l ud ed amo ng the f unc t ions o f  a u x i l i ar y  ope r a t ing f ac i l i ­
t ie s  a r e  hyd roge n  prod u c t ion , l ig h t  e nd s  r ec ov e ry , a c id g a s  
t re a t ing , sour wa t e r  s tr i pp ing , s u l f ur r e covery , ta i l  g a s  
tre a t i ng , a nd wa s tewa ter t re a tme n t . 

• Re f i ne ry Of f s i te F a c i l i t i e s . Re f i n e ry o f f s i te fac i l i t i e s  
a re equ i pmen t and sys tems used t o  s uppo r t  re f i ne r y  ope r a­
t io n s . Th e s e  f a c i l i t i e s  i n c l ud e  s to r ag e  t a nk s , s te am g e n e ­
r a t i ng sys tems , f l are a n d  blowd own s y s t ems , coo l i n g  wa te r 
sys tems , r ec e iv i ng a nd d i s tr ib u t ion sys t ems , and r e f i ne ry 
f i r e  con trol s ys tems . In  ad d i t io n , g ar a ge s , ma i n t e n a nc e  
shops , s to rehou s e s , l aborato r i e s , and  n e c e s s a ry o f f i c e  
bu i ld ings  are  cons idered o f f s i te f ac i l i t ie s . 

• Em i s s ion and E f f l u e n t  Contro l . Re f i n e r i e s  g en e r a t e  a i r 
em i s s i on s , wa s t ewa te r , so l id wa s te , a nd no i se , wh i ch m u s t  b e  
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con t rol l e d  for e f f i c i e n t  proc e s s i ng and e nv i ronmen t a l  
pro tec t ion . Th e con trol of po l l u ta n t s  tha t c a n  d amage the 
e nv i ronme n t  i s  an impor tant par t of r e f i n e ry ope r a t i on s . 
Re f i ne ry e nv i ronmental  contro l s  are  d i sc u s se d  i n  d e t a i l  
l a t e r  i n  th i s  chapte r . 

S EPARATION OF CRUDE O I L  

Fo l l ow i ng s a l t and wa t e r  remova l ( d e s a l t i ng ) , c rud e o i l  i s  
separated i n to the d e s ired bo i l i ng range f r a c t ion s b y  a tmos pher i c  
a nd va cuum d i s t i l l a t ion . 

I .  De s a l te r  

Th e d e s a l t e r  i s  norma l ly the s t a r t ing po i n t  o f  the separat ion 
proce s s . As  shown in  Figure 2 9 ,  the  c r ud e  o i l  is  p umped f rom 
t ankag e , prehea ted by he a t  e x change w i th var i o u s  prod uc t s t re am s  
( frac t ion s ) , and s e n t  t o  t h e  d e s a l te r . De s a l t i ng r emove s i norg an i c  
s a l t s  from c rud e o i l  so tha t  these s a l t s  w i l l  no t contr i b u te t o  the 
fou l i ng a nd corros ion o f  proc e s s  equ i pmen t .  Th e proce s s  a l so r e­
mov e s  the so l ub l e  trace  me ta l s  pr e s e n t  i n  the wa t e r  ph a s e , wh i c h  
c a n  po i son down s t r e am proc e s s  c a ta l ys t s . Ch em i c a l s  and wa t e r  a r e  
added t o  t h e  crud e  o i l , a n d  o i l /wa t e r  sepa r a t i o n  occur s by g rav i ty 
i n  the pre sence o f  a h ig h  vo l t ag e  e l e c t ro s ta t i c f i e l d . Th i s  h e l p s  
agg lomer a te t h e  wa ter d ropl e ts , wh i ch c o n ta i n  t h e  s a l t s , a nd sepa­
rate s the wa ter f rom the o i l . The o i l is removed f rom the top o f  
the desal t e r  ve s s e l , a nd the wa te r from the bot tom . Th e wa ter i s  
then s e n t  to the wa s te wa t e r  tre a tmen t  p l an t . 

I I .  Atmosphe r i c  D i s t i l l a t i on Un i t  

Crud e  o i l  f rom the d e s a l te r  i s  p umped to a f urnace  where the 
o il i s  f ur ther heated and fed to the a tmosph e r i c  d i s t i l l a t i o n  un i t . 
Al l petro l e um d i s t i l l a t ion proce s se s  are f und ame n t a l ly the s ame and 
req u i r e  the fo l l ow i ng equ i pme n t : he a t  e x chang e r s ; f ur na c e s  or 
other hea t er s ; a frac t iona t i ng towe r o r  co l umn ; cond e n s e r s  and 
cool ers ; p umps and conn e c t i ng l i nes ; s torage and a c cumu l a to r tanks ; 
and ins t r ume n ta t ion . In adap t i ng the s e  un i t s  o f  equ i pme n t , many 
f a c tors m u s t  be cons i d e red . Among the mos t  impo r t a n t are : 

• Bo il i ng range o f  the s tocks 

• He a t  s t ab i l i ty of the s tocks 

• Prod u c t  spe c i f i c a t ions . 

As shown i n  F i g ur e  2 9 ,  the a tmosphe r i c  d i s t i l l a t i o n  towe r 
separa te s the c r ud e  o i l  i n to f r a c t ion s h av i ng spec i f i c  bo i l i n g  
po i n t  rang e s . The frac t ions wi th the lowe s t  bo i l i ng range a r e  r e ­
covered a s  overhead s tr e ams and are e i ther f u e l g a s , l ig h t  naphth a , 
or s tr a i g h t-run g a so l i ne . Th e s e  f r a c t ions a r e  u s ed a s  re f o rm e r  
feed s tocks , g a s o l i n e  b l e nd i ng s to cks , pe troch em i c a l  f ee d s to ck s , 
solve n ts , a nd l ique f i ed pe trol e um g a s e s  ( L PG ) . Th e i n t e rmed i a te 
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bo i l ing ra nge frac t ions  are  g a s  o i l , he avy naphth a , and  d i s t i l­
l ate s . The s e  f r ac t ions  are used to prod u c e  keros i n e , d i e s e l  f ue l , 
f u e l  o i l , j e t  f ue l , b l e nd i ng s tocks , and c a ta l y t i c  c r a cker f e e d ­
s to cks . Th e h ig h  bo i l i ng po i n t  s tream , o r  a tmos ph e r i c  bot toms , i s  
u s ed to prod uce a s ph a l t  o r  No . 6 f u e l  o i l , o r  a s  f e e d  to a va c u um 
d i s t i l l a t ion un i t  fo r the prod u c t io n  o f  l u b r i c an t s .  

I I I .  Vacuum D i s t i l l a t i on Un i t  

Th e charge s tock fo r the va cuum d i s t i l l a t ion un i t  ( F i g ure 3 0 )  
con s i s t s  o f  h e a t ed a tmos pher i c  bot toms f rom the  c r ud e  o i l  d i s t i l l a ­
t io n  un i t  ( F i g u r e  2 9 ) . Th e vacuum can be prod u c ed by u s i ng s t e am 
ed uctors o r  vacuum p umps . Th e equ i pmen t  c ommo n l y  u s ed are  t wo­
s tage s t e am- j e t  ed u c to r s  and s ur face cond e n s o r s . At the red uc ed 
pre s s ur e , the o i l  vapor i ze s  at a lowe r temp e ra t u r e , a l l ow i ng t h e  
d i s t i l l a t ion t o  oc c u r  w i th a m i n imum o f  h ig h- t empe r a t ur e  c rack i ng . 

Th e prod uc t s tream s  from the va cuum tow e r  i n c l ud e  l ig h t  vac u um 
gas o i l , heavy v a c u um g a s  o i l , and va c u um towe r bot toms o r  r e ­
s id uum . Th e s e  s tr e ams c a n  be f u r th e r  proce s s ed d e pe nd i ng upo n  the 
de s i red prod uc t s . The vacu um g a s  o i l  may b e  s e n t  to t h e  c a ta l y t i c  
c racke r to prod uce g a so l ine b l end i ng s tocks o r  i t  may b e  r e covered 
for hea t i ng f ue l . The vacu um bot toms may be u s ed a s  f u e l  o i l , u se d  
f o r  the prod u c t ion o f  a spha l t and l u b r i c an t s , o r  s e n t  t o  a c oker 
fo r conve r s ion to g a so l i n e  componen t s , coke , and  g a s . I f  l ow­
s u l fur f ue l  o i l  i s  req u i red , the vacuum bot toms may h a v e  to be 
d e s u l f u r i zed pr ior to b l e nd ing . 
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CONVERS ION OF HYDROCARBON MOLECULES 

Co nv e r s ion pro c e s s e s  change the s i ze or s tr u c t u r e  of the hyd ro­
c arbon mo l e c ul e s , conve r t i ng them i n to h i ghe r va l u e  p rod u c t s . Th e 
more common conve r s i o n  proce s s e s  are : 

• Cr ack ing proce s s e s ( thermal crack i ng , c ok i ng , v i sc o s i ty 
breaking , c a t a l y t i c  crack i ng , and h yd rocrack i n g ) 

• Comb i n i n g  proce s s e s  ( a lk yl a t ion and pol ymer i za t io n ) 

• Re arrang i ng proce s se s  ( ca t a lyt i c  re form i ng a nd 
i some r i z a t i o n ) .  

I .  Crack i ng Proce s s e s  

Cr ack i ng proce s s e s b r e ak l arge hyd ro c a rbon mol ec u l e s  i n to 
smal l e r , l owe r-bo i l i n g-po in t  mol e c ul e s . Dur i ng the  proce s s , s ome 
o f  the mo l e c u l e s  c om b i n e  ( polyme r i z e ) to fo rm l ar g e r  mo l e c u l e s . 
The u s u a l  prod u c t s  o f  crack i ng are g a s e o u s  h yd roc arbons , g a s o l i n e  
b le nd ing s tock s , g a s  o i l , f ue l  o i l , a nd coke . So u r  wa t e r  g en e r a ted 
d ur ing the proc e s s  is s e n t  to the sour wa t e r  s tr i pp ing un i t .  Th e 
o f f -g as e s  from the frac t iona t i ng col umn are  t r e a ted by am i n e  s c rub­
b i ng , wh i ch remove s the H 2S .  Th e H 2 S then i s  s e n t  to the  s u l-
f ur recovery un i t .  

A .  Thermal C rack i ng 

In the pa s t , c ra ck i ng wa s a ccomp l i shed so l e ly by appl i c a t i o n  o f  
h e a t  and wa s known a s  t h e rmal crack i ng . The the rma l c ra c k i n g  pr o­
c e s s  wa s d ev e l oped around 1 8 7 1  a nd wa s w i d e ly pr ac t i c ed d u r ing t he 
1 9 2 0 - 1 9 5 0  per iod . Tod ay , t h e rmal c r a ck i ng i s  u s e d  mo s t l y  i n  o n l y  
t wo of  i t s  m o r e  e x tr eme fo rm s , c ok i ng and v i sc os i ty b r e ak i ng . 

1 .  Cok i ng 

Th e r e  are  two cok i ng proc e s s e s  t h a t  a r e  empl oyed e x t e n s i v e l y  - ­
d e l ayed a n d  f l u id cok i ng . Cok i ng i s  accomp l i shed a t  a h i g h  t emp e­
rature and l ow pr e s s ur e . It i s  a v a l u a b l e  proc e s s  f o r  upg rad i ng 
h e avy charge s tock s uch a s  re s id s  and very he avy c r ud e  o i l s . I n  
t h e  cok i ng un i t ,  a tmos ph e r i c  bottoms o r  v a c u um res i d u um are  c racked 
to prod uce f u e l  g a s , g a s o l i n e  b l e nd i ng s tocks , d i s t i l l a te s , and 
petro l e um coke . A d e l aye d cok i ng un i t  i s  shown in F ig u r e  3 1 .  

Th e coke r charge i s  fed d i re c t l y  to the f r a c t i o n a t o r  wh e r e  the 
feed c omb ine s w i th the h e avy recycle o i l  f rom t h e  coke d r ums . The 
comb i ne d  f e ed i s  p umped to the coke r f urnace  whe r e  i t  i s  h e a ted . 
Th i s  h e a t i ng prod uce s  p ar t i a l  vapor i za t ion and m i ld c r a ck i n g . Th e 
l iqu id/vapo r  m i x t ur e  then e n t e r s  the coke d rum whe r e  the  l iq u i d  
und e rg o e s  f ur t h e r  c ra c k i n g  unt i l  i t  i s  conve r te d  t o  h yd ro c a rbon 
v apo r s  and coke . 

Th e cok i ng u n i t  typ i c a l ly h a s  one o r  mo re pa i r s  o f  coke d rums . 
In norma l oper a t i o n  one d rum i s  i n  s e rv i c e  wh i l e  t h e  o t h e r  i s  be i n g  
d ec oked . De cok ing invo l v e s  cool i ng t h e  coke , a nd t h e n  c u t t i ng i t  
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from the d rum with a h i gh -pre s s ur e  wa t e r  d r i l l .  The coke and wa te r 
d rop from the d rum i n to a p i t  whe r e  the coke d ewa te r s , a nd the  c u t­
t i ng wa ter i s  recovered for r e-us e .  The coke i s  l o ad e d  i n to tran s ­
por t veh i c l e s  o r  i s  s tored of f s i te . 

Fl u i d  cok i ng i s  a s im i l ar therma l crack i ng proce s s , prod u c ing 
s im i l ar prod uc t s , bu t c ok i ng occurs i n  a f l u id be d . Th i s  i s  a co n­
t i nuous proce s s , u n l ike d e l aye d cok i ng . 

In 1 9 7 6 ,  a new proce s s , t e rmed " f l e x i cok ing , "  wa s f i r s t  u s e d  i n  
Japan b y  the Toa Oi l Company . The proc e s s i s  an ad j un c t  to f l u i d  
c ok i ng and conv e r t s  h e avy , h ig h- s ul f ur v a c u um bot toms i n to pe tro­
l e um prod uc t s  and f u e l  g a s . On l y  a sma l l  q u an t i ty o f  a s h  o r  coke 
res idue is prod uced . 

2 .  V i s cos i ty B re ak i ng 

Vi scos i ty b re ak i ng , o r  v i sb reak i ng , i s  a m i ld f o rm o f  t he rmal  
crack i ng t h a t  is  u s ed pr imar i ly to  improve the q ua l i ty of  the f ue l  
o i l . Th e d ecompo s i t io n  proc e s s  i s  u s ua l ly cond uc ted a t  l ow c rack­
i ng tempe r a t ur e s  ( 8 6 0 ° F to 9 0 0 ° F ) . Th i s  proc e s s  prod uc e s  sma l l  
amo un t s  o f  g a so l i n e  b l e nd i ng s tocks , g a s  o i l , and f u e l  o i l s . 

B .  C a t a l y t i c  C ra ck ing 

Ca t a l y t i c  c r a ck i ng u s e s  a c a t a l ys t i n  c omb i n a t ion w i th h ig h  
tempe r a t ur e s to conv e r t  a tmosphe r i c a n d  v a c u um g a s  o i l s  a nd s t o c k s  
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d e r ived f rom o t h e r  r e f inery ope r a t io n s  i n to f u e l  g a se s , l i g h t  
g ase s , a nd g a so l i n e  a n d  d i s t i l l a te fue l compo nen t s . Th i s  proce s s  
no rmal ly take s p l a c e  i n  t h e  f l u id c a t a l yt i c  c r a ck i n g  u n i t ( FC C U ) . 
Ol e f i n- r i c h  l ig h t g a se s  are  norma l ly d i rected  to a l kyl a t ion o r  
pol yme r i za t io n  ope r a t ions  to prod uce h i g h-oc t a n e  g a s o l i n e  b l e nd i ng 
s to ck s . Typ i c a l ly , y i e l d s  o f  g a so l i n e  bo i l i ng rang e prod u c t s  wi l l  
exceed  5 0  t o  6 5  vol ume perc e n t  o f  the FCCU f e e d . 

A typ i c a l  F C C U  i s  s hown i n  F i g ur e  3 2 .  Wh i l e t h e r e  a r e  n umerous 
F CCU d e s i g n s  c u r r e n t l y  in u s e , they emp l oy s im i l ar ope r a t i ng pr in­
c i p l e s . The c a t a l ys t u s ed i n  the proce s s  mus t b e  r e g e n e r a te d  t o  
r emove cok e  t h a t  f o rm s  o n  i t s  s ur face d u r ing the r e a c t ion . Th i s  i s  
done i n  a separate regenera t i ng ve s s e l  by pas s i ng a i r  through t h e  
catalys t . Th e c a t a l ys t regenerat ion prod u c e s  c arbon monox i d e  ( C O ) , 
s u l f ur o x id e s ( S Ox ) ,  n i t rogen ox ide s ( N Ox ) ,  and par t i c u l a te s . 
Re c e n t  improveme n ts i n  te chno l ogy have m i n im i z e d  the f o rm a t ion 
o f  CO . 

C .  Hyd rocrack i ng 

Hyd rocrack i ng d i f fe r s  f rom c a ta l y t i c  c ra c k i ng i n  f o u r  d i s t i nc t  
ways : hyd roge n  i s  u t i l i ze d  i n  the proce s s ; o pe ra t i ng p re s s ur e s  a r e  
s ub s t an t i a l l y  h ighe r ; tempe ra t ure s a r e  somewh a t  l owe r ;  a n d  a d i f ­
f e r e n t  type o f  c a ta l y s t  i s  empl oyed . Th e pro c e s s  h a s  an ad vantage 
over c a t a l y t i c  c r a ck i ng in  that  h igh-s u l f ur f e e d s tocks can be 
proces sed w i tho u t  pr ior d e s ul f ur i z a t io n . The y i e ld o f  s pe c i f ic 
prod ucts w i l l  d e pe nd u po n  how the hyd rocr a c k i n g  un i t  i s  ope r a te d . 
For exampl e ,  y i e l d s  o f  j e t f ue l plus  d i e s e l  f u e l e q u a l  to approx i ­
ma t e l y  8 5  t o  9 0  vol ume percen t o f  feed c a n  be a c h i eved , w i t h  
concu r ren t prod u c t i o n  o f  L PG a nd g a so l i n e . Th e proce s s  prod u c e s  
h ig h-qua l i ty g a so l i n e  a n d  d i s t i l l a t e s  and a c c e p t s  a w id e  v a r i e t y  o f  
f e ed s tock s , i nc l ud i ng n aph tha s ,  g a s  o i l s , a nd h e avy a roma t i c  feed­
s tocks . Hyd roge n  used for t h i s  proce s s  i s  g e n e r a t e d  by a h yd ro g e n  
p l an t or i s  a by-prod u c t  from t h e  cata ly t i c  r e f o rme r . A t yp i cal  
two- s t age hyd rocr a c ke r  is  shown in  F ig ur e  3 3 .  

I I .  Comb i n ing Proce s s e s  

Comb in i ng proc e s s e s  j o i n  toge ther sma l l  h yd roge n-d e f i c i e n t  
mol e c u l e s  ( o l e f i n s ) tha t a r e  r e covered f rom thermal and c a t a ly t i c  
crack i ng t o  prod uc e mor e  val uable ga sol i n e  b l e nd i ng s to ck s . Two 
proc e s se s ,  a lkyl a t ion and po lyme r i za t ion , a r e  no rm al ly u t i l i ze d  f o r  
c omb i n i ng the o l e f i n s  w i t h  i sobu tane . 

A .  A l ky l a t i on 

Th e a l kyl a t i o n  proc e s s  comb i ne s  l ig h t  o l e f i n s , p r imar i l y  a m i x­
t ur e  o f  propyl ene and butylene s , wi th i so b u t an e  t o  p rod uce a blend­
i ng s tock tha t is  one o f  the h ig h e s t  qua l i ty c ompo n e n t s  of  moto r  
g a s o l ine . The f in a l  prod uc t ,  c a l l ed a lkyl a t e , h a s  e x ce l l en t  an t i­
knock prope r t i e s . It  i s  c l e a n  burn i ng , h a s  h ig h  Re s e a rc h  and Mo to r 
me t hod oc tan e n umb e r  r a t i ng s , and ha s e x c e l l e n t  p e r formance ra t­
i ng s . Th e un ion of the o l e f i n s  and i sobu tane take s p l a c e  in the 
pre s e nce of a c a ta lys t , e i th e r  hyd ro f l uor i c  or s u l f ur i c  ac i d , und e r  
c ond i t io n s  s e l e c te d  t o  max im i ze produc t y i e l d  and q ua l i ty .  
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Th e pro c e s s  u t i l i z i ng hyd ro f l uo r i c  ac id a s  the  c a ta l y s t  i s  
shown i n  F i g ur e  3 4 .  The un i t  feed , cons i s t i ng o f  C 3 and C 4 
o l e f i n s  and i sobu tane , i s  m i x ed w i th re cyc l e d  ac id and f e d  to the 
reac to r-se t t l e r  whe re the a lkyl a t ion reac t ion t a ke s p l a c e . Th e 
combi ned prod u c t s  are s e n t  to a frac t ionator whe r e  the a l kyl ate 
prod uc t is  separated  f rom the unre acted  feed , c a ta lys t s  that carry 
ove r , a nd propane and butane tha t  wa s fo rmed by the  reac t io n . Th e 
prod uct o r  a lkyl a te may f i r s t  be d e b u t an i ze d  be fore be i ng s e n t  to 
s to rag e fo r g a so l i ne b l e nd i ng . 

Co ns truc t ion ma te r i a l s  for hyd ro f l uo r i c  ac id a l kyl a t i o n  un i t s  
i n c l ud e  pl a i n c arbon s te e l ; some o f  t h e  r und own l i n e s , howe ve r , are 
cons truc ted o f  Mo n e l  al loy . Al l un i t  l i n e s  a r e  j acke ted and con­
nec ted to a " bl owd own " o r  wa ter s pray p ump so tha t g a se o u s  a c i d  
w i l l be caught i f  a b reak occur s . Muc h  o f  the  ope r a t i o n  i s  b y  re­
mo te con t ro l ; whe n  the  opera to r mus t approach t he u n i t ,  f ac e  mas k s  
a nd rubb e r i ze d  c l oth ing are wo rn . 

Th e hyd ro f l uo r i c  ac id al kyl a t ion un i t  i n c l ud e s  a hyd ro f l uo r i c  
ac id regen e ra to r , wh i ch con t i n uously p ur i f ie s  a smal l  s id e  s tre am 
o f  the ac id . Th e tar- l ike s ub s tance t h a t  i s  f o rmed i n  the re­
generato r  may be d i s posed o f  by inc i n e r a t io n  o r  n e u tra l i z e d  w i t h  
l ime and hand led a s  a so l id wa s te . Al so , t he spe n t  c a u s t i c  f rom 
the un i t  i s  h a nd l ed a s  sol i d  wa s t e . 
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HF ; Fig u re 34. Hydrofl uo ric Acid A lky lat ion  U n it .  

NOTE: The legend appears on Fig u re 27 .  
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B .  Po lyme r i z a t ion 

Pol yme r i z a t io n  c omb i ne s  l ig h t  o l e f i n s  f rom t h e rm a l  and f l u id 
c at a l y t i c  c rack i ng u n i t s to form hyd rocarbon s o f  h ig h e r  mol e c u l ar 
we igh t . Two mo l e c u l e s  o f  i sobutyl ene ( C 4H s ) may b e  c omb ined t o  
form o n e  mol e c u l e  o f  d i- i sobu tyl ene ( C sH 1 6 ) .  Th i s  prod u c t , 
formed by the  un ion o f  t wo o l e f i n  mol e c ul e s , i s  r e f e rred to a s  a 
d imer . Th a t  f o rmed by three s uc h  mol e c u l e s  i s  known a s  a tr ime r . 
Two u n l i ke o l e f in s  may a l so b e  c omb i ne d , re s u l t i ng i n  a p rod uc t 
known a s  a copo l yme r . By-prod u c t  g a s e s  are  u s e d  to prod u c e  a w i d e  
var i e t y  o f  p rod u c t s  rang i ng f rom g a so l ine b l e nd i ng s to c k s  to s o l i d s 
t h a t  c a n  b e  used  a s  pl a s t i c i ze rs . Po lyme r i z a t ion o f  a m i x t u r e  o f  
propylene and b u t y l e ne t o  prod uce a b l e nd i ng s tock f o r  g a so l i ne i s  
t he mo s t  commo n po lyme r i za t ion ope ra t i o n . The mos t  common l y  u se d  
proce s s  employs phosphor i c  ac id a s  a c a t a l ys t . 

I I I .  Re a rr ang i ng Proce s s e s  

Re arr ang i ng proce s s e s  are those i n  wh i c h  the mo l e c u l e  i s  
changed t o  prod uce a p rod uc t o f  d i f f eren t c h a r a c t e r i s t ic s . The t wo 
mos t w i d e l y  u s e d  r e a r r ang i ng proc e s s e s  are  c a ta l y t i c  r e f o rm i ng and 
i some r i zat ion . 

A .  C a ta l y t i c  Re f o rm i ng 

Ca t a l y t i c  re f o rm i ng i s  a proce s s  used to u pg r ad e  l ow-oc tane 
n aph thas  t o  prod u c e  h ig h-octane b l e nd i ng s tocks o r  h ig h  y i e l d s  of  
aroma t i c  h yd roc arbons for pe trochem i c a l  f e e d s to ck s  ( i . e . , ben zene ) .  
The f i n a l  prod u c t w i l l  d epend on r e a c tor t empe r a t u r e  and pr e s s ur e , 
the c a t a l y s t u s ed , and the  h yd rogen recyc l e  r a t e . Re formi ng c a t a­
lys t s  conta in pl a t i num and are  read i l y  d e a c t i v a ted ( po i so ne d ) by 
s u l f ur and n i t rogen , so the f e e d s tock mus t be pre t r e a t e d  pr ior to 
b e i ng charged to the re fo rm i ng un i t . 

Catal y t i c  re f o rm i ng i s  the  oc tane number g e n e r a to r  f o r  mo s t  
gasol i n e -o r i e n ted re f i ne r i e s . The g a so l i n e  b l e nd i ng s tocks f rom 
o ther ope r a t io n s  s uc h  as FCC U ,  a lkyl a t ion , h yd ro c r ac k i ng , a nd 
pol yme r i za t ion , a r e  o f  r e l a t ive l y  f i xed oc tane n umber q u a l i ty . The 
c at a l yt i c  re f o rm i ng pro c e s s  i s  c apabl e  o f  e f f i c i e n t l y  y i e l d i ng 
g a s o l ine b l e nd i ng s tocks w i t h i n  an oc tane n umber range  f rom the  low 
8 0 ' s  to ove r 1 0 0 Re s e arch c l ear ( u nl e ad e d ) .  As  ope r a t i o n  s ev e r i ty 
i s  i nc r e a s ed to ra i s e  the  oc tane n umber ,  g a so l ine y i e ld d ec r e a se s . 
On the b a s i s  o f  the  g a so l i ne prod u c ed pe r un i t  o f  f e e d s tock , typ i ­
c a l  y i e l d s  c a n  r ange f rom 7 0  t o  ove r 9 0  vo l ume p e r c e n t  f o r  h ig h - t o  
l ow-o c t ane- n umbe r ope r a t ions . Th i s  proces s a l so g e ne r a te s hyd rog e n  
that i s  requ i re d  for many o f  the opera t io n s  employe d  i n  mod ern 
r e f i ne r i e s . 

A t yp i c a l  c a t a l y t i c  re form i ng un i t  i s  s hown i n  F i g ur e  3 5 .  Th e 
naph tha f e e d s tock i s  m i x e d  w i t h  r e c yc l e  h yd roge n-r i c h  g a s , h e a te d  
i n  a f ur n a c e , a nd fed  to t h e  f i r s t  reac to r . Be c a u s e  the r e f o rm i ng 
reac t ion requ i r e s  hea t ( e nd o t he rmi c ) ,  the p rod uc t mu s t  be r e h e a te d  
before e n t e r ing the ne x t  r e a c to r . Th i s  pro c e s s  typ i c al l y  i s  re­
pea ted i n  three s ubsequent r e a c tor s . The l iqu id p rod u c t  pa s s e s  to  
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a s eparator to remove the hyd rog e n- r i c h  g a s  and then to a s ta b i ­
l i ze r  f o r  f in a l  s e p a r a t ion o f  l igh t g a s e s  and p rod uc t . The r e­
formate prod u c t  then g o e s  to s to rag e fo r b l e nd i ng i n to g a so l i n e . 
The l ig h t  g a se s , con s i s t i ng o f  mos t l y  propane and b u tane , a re s e n t 
to the l ig h t  end s recovery un i t .  

The c a t a l ys t  r eq u i r e s  regener a t ion , wh i ch may b e  a c compl i sh e d  
by u t i l i z i ng a s w i ng reac tor , a s  s hown i n  F i g ur e  3 5 .  As i n  h yd r o­
t r e a t i ng and FCCU , c oke d e po s i te d  on the c a t a l y s t  s u r f a c e  i s  b u r ned 
o f f  und e r  contro l l ed cond i t ions . 

B .  I some r i z a t ion 

I some r i z a t ion un i t s  are  empl oyed to conver t  n-bu t an e , 
n-pe n tane , a nd n-h e x ane ( low-o c tane , s tr a ig h t  c h a i n  hyd roc arbo n s ) 
to h ig h -o c t an e , branched cha i n  i somer s .  

F i g u r e  3 6  s hows a typ i c a l  l ig h t  n aph tha i some r i za t ion proc e s s . 
In t h i s  proce s s , d e s u l f ur i z ed pen t ane/h e x a n e  ( C s/ C 6 ) m i x t ur e s  
a re fed  t o  t h e  d e - i sope n tan i ze r s  t o  remove t h e  i so pe n ta n e  pr e s e n t  
i n  the feed . The n-pen tane and n-h e x an e  m i x t ure i s  d r ied , m i xed 
w i th org an i c  chl o r id e  c a ta ly s t  promo ter and hyd rog e n , and fed to 
the re ac tor . The prod uc t i s  cooled and fed to a s e p ar a to r  whe r e  
e x c e s s  hyd rog e n  i s  removed t o  be recyc l ed . The prod u c t i s  then  
fed  to  a s t ab i l i ze r  to remove l ow-bo i l i ng l ig h t  h yd ro ca rbon s .  Th e 
s tab i l i ze r  bot tom prod u c t s  are  used fo r g a s o l i n e  b l e nd i ng s to c k s  
o r  may be f ur th e r  f r a c t ionated to r emove unr e a c ted n-pe n tane , 
n-butane , and n-h ex ane fo r recyc l ing . 
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Fig u re 36.  Pentane/Hexane ( Cs/CB) Isomerizat ion  U n i t .  
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NOTE: The legend appears on F ig u re 27. 
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TREAT ING C RUDE O I L  FRACT IONS 

With con t i n u i ng empha s i s  on prod uc i ng g r e a te r  y i e ld s of h ighe r 
o c tane g a so l i n e  and low- s u l f ur f u e l  o i l , i t  i s  n e c e s s a ry to upg rade 
ma ter i a l s  tha t a re u s ed d i re c t l y  as ga s o l i n e  c ompone n t s  or bl ended 
i n to f ue l  o i l . Compone n t s  s uch a s  the rmal  naph t h a s  d e r i v ed f rom 
thermal c r a ck i ng , v i sbre a k i ng , and c ok i ng ope ra t ion s , a s  we l l  a s  
h igh- s ul fur n aph t h a s  and d i s t i l l a te s  f rom c rud e o i l d i s t i l l a t io n  
con ta i n i ng s u l f ur a n d  n i trog e n , requ i re tre a t ing . 

I .  Hyd rode s u l f ur i z a t i on 

Hyd rode s u l f ur i za t ion is a c a ta ly t i c  proc e s s  u s ed to r emove 
s ul fur , n i troge n ,  o l e f i n s , a rs e n i c , a nd l e ad f rom l iq u i d  pe t ro l e um 
frac t i on s . Typ ic a l ly , h yd rode s u l f ur i za t ion un i t s  a r e  employed 
b e fo re such proc e s s e s  as c a ta l y t i c  re form i ng b e c a u s e  the pro c e s s  
c a t a l y s t s  u s ed i n  re formi ng be come i n ac t ive i f  t h e  f e e d s tock co n­
ta i n s  the se impur i t i e s . Hyd rod e sul f ur i za t i o n  may b e  u s ed pr ior to 
c a ta l yt i c  crack i ng to red uce the s u l f ur emi s s ions f rom the reg e n e ­
ra tor and improve prod u c t y i e ld s . It may a l so b e  used  to upg rade 
pe t ro l e um frac t ions i n to f i n i shed prod u c t s  s uc h  as keros i n e , d ie s e l  
f ue l ,  a nd f ue l  o i l s . 

Hyd rod e s ul f u r i z a t io n  proce s s e s  are  u s ed o n  a w i d e  range o f  
feeds to cks f rom naph tha to he avy re s i d u a l  o i l s . In  g e n e ra l , the 
hyd rod e s ul f ur i z i ng o f  proc e s s  s t re ams f r om s o u r  c r ud e  o i l  requ i re s  
gre a te r  quant i t i e s o f  h yd rogen than doe s h yd rod e s u l f ur i z i ng o f  
swe e t  crud e o i l  f r ac t ions . 

In a typ i c a l  h yd rode s u l f ur i z i ng proc e s s ( F i g ur e  3 7 ) , the feed  
is  m i xed w i th make -up hyd rog en f rom the r e f o rm e r  or hyd rog e n  
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NOTE: The legend appea rs on Fig u re 27. 
Fig u re 37. Hyd rodesu l fu r iz ing  U n i t .  
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man u f a c t ur i n g  p l an t . 
reacto r ,  wh e r e  s u l f ur 
ammon i a  ( N H 3 ) .  

The m i x t ure i s  h e a ted and f e d  to the  c a t a l y s t  
a n d  n i trog e n  a r e  conv e r te d  i n to H 2 S a nd 

Prod u c t  f rom the r e ac tor g oe s  to the h ig h-pre s s ur e  separ a to r ,  
whe r e  exce s s  h yd rogen i s  f l a sh ed o f f  and re t urned to t h e  re a c to r . 
Th e prod u c t  then pa s s e s  to the low-pre s s ur e  separator whe r e  H 2S ,  
NH 3 , noncond e n s ab l e  h yd rocarbon g a se s , a nd h yd roge n  are  removed . 
The g a s e s  f rom the l ow-pre s s ur e  s e pa r a to r  are s e n t  to the g a s  
tre a t i ng s y s tem to r emove H 2S .  The l i q u i d  prod uc t i s  t h e n  s e n t  
t o  the s ta b i l i z e r  wh e r e  the rem a i n ing l ig h t  m a t e r i a l  i s  s t r ipped 
and i s  s e n t  to the  f u e l  ga s trea t i ng sys t em . The s o u r  wa t e r  g en e­
r ated d u r i ng the proce s s  is  sent to the sour wa t e r  s t r i pp i ng u n i t .  

I I .  Chem i c a l  Tre a t i ng 

The u s e  o f  c hem i c al trea t i ng to d i rec t l y  r emove s u l f ur f rom 
pe t ro l e um f ra c t io n s  h a s  d e c l ined  a s  h yd rod e s ul f ur i z a t i o n  h a s  i n­
c re ased . Ch em i c al tre a t i ng proc e s s e s  are u s e d , howe v e r , to r emove 
s uch imp ur i t i e s  as c a rbon d iox id e  ( C 02 ) ,  o x id an t s , and v a r i o u s  
corros i v e  compounds from proc e s s i ng sys tems . 

A var i e ty o f  g a so l i ne swe e te n ing ( me rcaptan r emov a l ) proc e s s e s  
are ava i l a b l e . The mos t  w i d e l y  used proce s s  empl oys sod i um h yd ro x­
ide w i th added c a t a l y s t s  o r  promo ters ( F i g u r e  3 8 ) . The proc e s s  
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NOTE: The legend appears on Fig u re 27. 
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conve r t s  the mercaptans  to l e s s  ob j e c t iona l  d i s u l f id e s . The u s e  of  
swe e te n i ng i s  pr imar i l y  d epe nd e n t  upo n the s u l f u r  a nd/or me rcaptan 
con t e n t  of the c r ud e  o i l , the s u l f ur spec i f i c a t ion of t h e  g a s o l ine , 
and whe ther the o r ig i na l  feed s tock had been hyd rod e s u l f ur i z e d  pr ior 
to c a ta l y t i c  c r a c k i n g . 

B LENDING HYDROCARBON PRODUC TS 

Th e l a s t  ma j or s te p  in the r e f i nery ope r a t i o n  i s  the b l end i ng 
o f  var i ous frac t ions  i n to f in i shed prod uc t s . Al l g r ad e s  o f  mo to r 
g aso l i ne are b l end s o f  var ious frac t ion s , i nc l ud ing r e f o rm a t e , 
a lkyla te , s tra igh t-run g a s o l i n e , therma l l y  and c a ta ly t i c a l l y  
c racked g a so l i n e , c oker g a so l i ne ,  b u tane , a nd n e c e s s a ry add i t iv e s . 
Furnace o i l  and d ie s e l  f ue l s  may be b l e n d s  o f  v i r g i n  d i s t i l l a t e s  
a nd cyc l e  o i l . Je t fue l s  may be s t r a i g h t  run v i rg i n  d i s t i l l a te s o r  
i nc l ud e  naphtha i n  the b l end . Th e va s t  n umbe r  o f  l ubr i c a t i ng o i l s  
are blend s  o f  a r e l a t i v e l y  smal l number o f  r e f i ned b a s e d  s tocks 
plus  add i t ive s to impar t  spec i f i c prope r t i e s  to mo s t  c r a n kc a s e  and 
spe c ial ty l ub r i c an t s . In some c a s e s  the se ad d i t iv e s  may t o t a l  more 
than 1 5  t o  2 0  perc e n t  of the f i n i shed l ub r i c an t . Asph a l t  i s  
b l e nded from s e l ec t  re s id u a l  base s tocks a c cord i ng to the a pp l i c a­
t ion d e s i re d . 

For e x ampl e , i n  g a so l ine b l e nd i ng , the c omponen t s  o r  b l e nd i ng 
s tocks from the pro c e s s  un i t ,  s uc h  a s  b u t an e , a lk yl ate , i some r i z a­
t ion s tock , re forma te , c a ta lyt i c  g a so l ine , naph t h a  o r  s tra i gh t-run 
g asol ine , c ok e r  g a so l i ne ,  a nd add i t iv e s , a re b l e nd ed to  me e t  g a so­
l ine s pe c i f ica t ion s . Th e m i x i ng of the compo n e n t s i s  no rma l ly 
accompl i shed by a utoma ted in- l ine b l e nd i ng ( F i g u r e  3 9 ) . Ga so l i n e  
blend i ng c omponen t s  a r e  fed  i n to a sys t em o f  propo r t i o n a l  me t e r i n g  
pumps and control v a l v e s  t o  the g a so l i ne he ad e r . Th e me t e r i ng 
pumps ens ure tha t e a c h  component i s  f ed i n  the prop e r  p ro por t io n . 
Th e componen t s  are  m i x ed by the f l ow t ur b u l e n c e  i n  the h e a d e r  and 
sent to a s e r i e s  of o n- s t r e am analy zer s ,  wh i c h  con t i n u a l l y  mon i to r  
the prod u c t  fo r octane number and vapo r pr e s s ur e . Th e mon i to r s  
au toma t ic a l l y  con t ro l  the me te r i ng sys tem t o  e n s u r e  proper por t ions 
of e ach componen t . 

AUXI L IARY OPERAT ING F AC I LI T I E S  

Aux i l i ary ope r a t i ng f ac i l i t i e s  are  n e c e s s ary t o  s uppo r t  proc e s s  
un i t s  requ i r i ng h yd rog e n , c ol le c t  and tre a t  g a s e s  f o r  re f i ne ry 
f ue l s , control a i r  em i s s ions , meet  wa ter e f f l ue n t  s t and a rd s , a nd 
re-use wa ter . 

I .  Hyd rogen Prod u c t ion Un i t  

Hyd rog en i s  requ ired for a n umber o f  r e f in i n g  un i t s , i nc l ud in g  
h yd rod e s ul f ur i z a t io n , hyd roc rack i ng , a nd i some r i z a t i o n . Th e pr i ­
mary s o u r c e  o f  h yd rogen i s  the c a ta lyt i c  re form in g  proce s s . Add i ­
t io nal hyd roge n  may b e  prod uced by the s t e am re f o rm i ng o f  ava i l ab l e  
hyd roc arbons s uch a s  me thane , re f i n e ry f ue l  g a se s , propan e , b u tane , 
o r  d e s u l fur i ze d  l ig h t  naph tha , o r  by the par t i a l  o x i d a t i o n  o f  
heav i e r  h yd roca rbon s .  
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Fig u re 39. G aso l i ne I n-L ine  B lend i n g  System .  
NOTE: The legend appears o n  Fig u re 27. 

F IN ISHED 
PRODUCT STORAGE 

The f l o w  d i ag r am for manu fac t ur i ng h yd rog e n  by the  s te am 
r e form ing proc e s s  i s  s hown i n  F ig ur e  4 0 .  Th e f e e d  to the un i t  
norma l l y  con ta i n s  trac e s  o f  s ul f ur , wh i c h  a r e  r emoved by absorpt i on 
o r  a c t ivated carbon . Th e removal o f  t he s u l f ur i s  n e c e s sa ry to 
avo id po i son i ng the  proce s s  c a ta l ys t .  The proce s s  e mpl oys t wo b e d s  
o f  a c t i v a ted carbon ; wh i l e  one b e d  i s  i n  u s e  the o th e r  i s  b e i ng 
regenerated . Upo n c ompl e t io n  o f  the  regenera t io n , the  s eq u e nce i s  
reversed . Reg e ne r a t i o n  i s  accompl i sh ed by h e a t i ng the c ar bo n  w i th 
s t e am to r emove absorbed s ul f u r . The used s te am i s  cond e n s ed and 
s e n t  to the sour wa te r s t r ippe r . 

De su l fur i ze d  naph tha and natur al g a s  a r e  m i x ed w i th s te am 
pas s ed t h rough c a ta lys t-f i l l ed t ub e s  i n  the  re former s .  The r e­
f o rmer g a s  conta i n i ng hyd rog e n , CO , C02 , a nd ex c e s s  s te am i s  
pa s s ed t h ro ugh a s h i f t  conve r te r  whe r e  C O  and s te am a r e  conver ted 
to hyd roge n  and C02 . Th e C 02-r i c h  g a s  is s c rubbe d  to remove 
prac t ic a l ly a l l  the C 0 2 , y i e ld i n g  9 5 - 9 8 perce n t  p ur e  h yd rog e n . 

In the  manu fac t ur e  o f  h yd rogen by the  p a r t i a l  o x i d a t io n  pr o­
c e s s , the feed to the un i t s  is typ i c al ly b o t tom prod u c ts from the 
vacuum towe r or h e avy coker gas o i l . Th i s  proce s s  avo i d s  the n e­
ces s i ty o f  us ing naph tha o r  o the r , more v a l u a b l e  hyd rocarbon s a s  
hyd rogen plant f e e d s tock . 

In the par t i a l  o x id a t ion proce s s , the  r e s i d u a l  o i l  i s  f e d  to 
a c ombu s t ion chamber whe r e  i t  is par t i a l ly b u r ned in the p r e s e n c e  
of s te am a n d  oxyge n . Ga s e s  l e a v i ng the c omb u s t ion c h ambe r  are 
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c ompo sed pr imar i l y  o f  h yd rog e n  and C O  a nd have a tempe r a t u r e  o f  
2 , 0 0 0 ° F  t o  2 , 8 0 0 ° F . The g a se s are then quenched w i th wa t e r  and 
s te am and fed  to a sh i f t  conv e r te r  fo r f ur th e r  c o nv e r s i o n  of the  C O  
and s te am to h yd rog e n . The g a s e s  are then p ur i f i ed b y  a b s o rp t ion 
a nd the hyd rog e n  prod u c t  is  sent to s torage o r  proce s s  un i t s . 

I I .  L i g h t  E n d s  Re covery Un i t  

Th e te rm " l ig h t  e nd s "  r e f e r s  to l ig h t  hyd roc a rbon g a se s  hav i ng 
four o r  f e we r  c arbon a toms i n  the mol e c ul e . The s e  i nc l ud e  me t h an e , 
e thane , propane , a nd b u tane . In c l ud ed i n  th i s  g ro up a r e  C 3 a nd 
C 4 o l e f in s  and i so b u t an e . The p urpo s e  o f  t h i s  un i t  i s  to s e p a­
r ate the s e  g a se s f o r  f u r th e r  u s e  i n  prod u c t  prod u c t io n  o r  r e f in i ng . 

Th e f l ow d i ag ram f o r  the un i t  i s  s hown i n  F i g ur e  4 1 .  The f e e d  
t o  t h i s  un i t  i s  d e s ul f ur i zed g a s e s  t h a t  h a v e  b e e n  c o l l e c te d  f rom 
t he var ious  pro c e s s  un i ts . Th e g a s e s  a r e  f i r s t  l ique f i e d  by c om­
pre s s ion a nd cool i n g , t h e n  s e n t to a s urg e d r um to r emove c o nd e n s e d  
mo i s t ur e . Th e m i x t ur e  i s  pumped to the d e - e tha n i ze r  wh e r e  me thane 
and e thane are  separated f rom the  m i x t ur e  and recovered f o r  re f i n­
e ry f ue l . Th e d e - e than i ze d  bot toms are  s e n t  to the d e-propan i ze r  
where propane and butane s are separate d . The s e  s tr e am s  may b e  
f ur th e r  proce s se d  t o  s e p a r a t e  t h e  o l e f i n s  a nd i so b u t a n e  f rom t h e  
propane a n d  no rma l b u t an e . The o l e f in s  a nd i so b u tane are  u s e d  fo r 
a lkyl a t ion un i t  f e e d s tock . The propane i s  r e covered f o r  L PG a nd 
normal bu tane i s s e n t  to ga so l i ne b l e nd i n g . 
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I I I .  A c i d  Gas T re a t i ng Un i t  

H 2S and C 0 2 are te rmed ac id g a se s , and a f ue l  g a s  s t r e am 
conta i n i ng these compounds i s  cal l ed sour g a s . So u r  g a s  i s  pro­
d uced d ur i ng a n umbe r of re f i n e ry proce s se s , i n c l ud i ng c a ta l y t i c  
c rack i ng and hyd ro trea t i ng . Re f i ne ry-prod uced g a s  c an b e  e x p e c te d  
to be sour ; i t  i s  some t ime s neces sary t o  treat t h e  g a s  t o  r emov e 
H 2S b e fore i t  can be used as a re f i ne ry f ue l  i n  o rd e r  to c omp l y  
w i t h  e nv i ro nme n t a l  s tand ard s . 

Ac id gas i s  typ ic a l l y  r emoved by abso r p t i o n  i n  a lkal ine s o l u ­
t ion . A t yp i c al ac id g a s  trea t i ng sys tem i s  shown i n  F i g ur e  4 2 .  
The a l ka l i n e  ma ter i a l  i s  cho s e n  so that the c h e m i c a l  bond forme d 
d ur ing absorpt ion c an be broke n by h e a t i ng to reg e n e r a te the so l u­
t ion . Absorp t io n  sol u t io n s  conta i n i ng ac i d  g a s  are t e rmed " r ic h "  
and the reg e n e r a ted so l u t io n s  are termed " l e an . "  The f a c t  that  
the se solu t io n s  d i f fe r  a l l ows for  several ac i d  g a s  tre a t i n g  proce s­
ses . Th e  mos t  w i d e l y  used abso rben ts are mono e thanol am i ne and 
d ie thanol am ine . The proce s se s  d i f fe r  o n l y  i n  the absorbents  used . 
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Fi g u re 42 . Ac i d  Gas Treat ing  U n i t .  
NOTE: The legend appears on F igure 27 .  

I V .  S u l f u r  Re cove ry Un i t  

The s u l f ur recovery p l a n t  i s  used to conver t H 2 S to e l emen ta l  
s ul f ur . The mos t  w i d e l y  u s ed recov e ry s ys tem i s  the C l a u s  proce s s , 
wh ich use s both thermal and c a ta lyt i c  conve r s i o n  reac t i on s . S u l f u r  
r ecove ry ope rat ions a r e  d i sc u s sd in  d e ta i l i n  the Env i ro nmen t a l  
Con s id era t ions sec t io n  o f  t h i s  chapter . 

2 3 9  



v .  T a i l  Gas Treat ing U n i t  

Numerous proce s se s  are ava i l ab l e  to treat ta i l  g a s  f rom the 
C l au s  s u l f ur recov e ry un i t . They i nc l ud e  the Beavon- S t r e t fo rd , 
She l l  Cl a u s  Of f-Ga s Tr e a tment ( S COT ) , a nd We l lman-Lo rd proc e s s e s . 
Ta i l  g a s  tre a t i ng proce s se s  are d i s c u s sed i n  d e ta i l i n  the Env i ­
ronmental Co n s i d e ra t i o n s  s e c t ion o f  th i s  chapte r . 

V I . Sour  Wa t e r  S t r i pp i ng Un i t  

Wa te r con ta i n ing s u l f i d e s  and ammon i a  i s  c a l l ed " so ur wa te r 
cond e ns a te . "  Re f in e ry ope r a t ions prod uce s o u r  wa ter f rom proce s se s  
s uc h  a s  c ata lyt i c  c rack i ng and hyd rotr ea t i ng and whe ne v e r  s t e am i s  
cond e n sed i n  the pre s ence o f  g a s e s  conta i n i ng H 2S .  Sou r  wa ter 
u s ua l ly c onta i n s  H 2S ,  NH 3 , and sma l l  amou n t s  of phe no l  and 
other h yd roc a rbon s .  Sour wa ter s tr i pp i ng is u s ed to r e d uc e  H 2S 
and NH 3 l ev e l s . 

Th e r e  are many d i f fe re n t  str i pp i ng me thod s ,  b u t  mos t  o f  them 
i nvol ve the d ownward f l ow o f  sour wa ter through a trayed or packe d  
towe r wh i l e  a n  a s c end i ng f l ow o f  str ipp i ng s te am o r  g a s  remov e s  
the H 2S and N H 3 . A typ i c a l  s o u r  wa ter s t r i pp e r  i s  s hown i n  
F i g ur e  4 3 .  1h e ac id g a s e s  from the proc e s s  a r e  s e n t  to the s u l f u r  
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F i g u re 43 . Sour  Wate r Str i pp ing  U n i t .  
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recove ry un i t ,  s t r ipped sour wa t e r  goe s to the  d e s a l te r  a nd r e­
c overed o i l  g oe s  to the s l op o i l  recovery tank . A more

1
d e ta i l ed 

d i s c u s s ion o f  sour wa t e r  s t r ipp i ng i s  c on t a i ned i n  the Env i ro n­
men tal Co ns i d e r a t i o n s  s e c t ion o f  th i s  chapte r .  

VI I .  Wa s tewa t e r  T r e a tme n t  Un i t  

Tr e a tme n t  o f  r e f i n e ry wa s tewa t e r  to r emove c o n tam i na n t s  typ i­
cal l y  i nvo lves  a var i e t y  o f  tre a t ing proce s se s . The proper trea t ­
men t comb i ned w i th i n-pl a n t  s o u r c e  c o n t r o l  o f  wa s te wa t e r  prov i d e s  
a qua l i ty e f f l ue n t  s u i table  f o r  d i sc h a rg e . A typ i c a l  wa s te wa te r  
treatme n t  un i t  may conta i n  an equa l i za t io n  ba s i n , a n  A P I  s epara­
tor , s l op o i l recove ry equ i pme n t , a d i s so l ved a i r  f l o t a t ion ( DA F ) 
u n i t ,  b io log i c a l  t r e a tme n t , and f i l te r s . Wa s te wa t e r  t r e a t i ng 
equ i pmen t  i s  d i s cu s s ed i n  d e ta i l i n  the Env i ronmen ta l Con s id er a­
t ions s e c t ion o f  th i s  chapte r . 

REF INERY OFFS I TE FAC I L I T I ES 

Although the o f f s i te equ i pmen t  and f ac i l i t i e s  d o  no t e n t e r  
d ir e c t l y  i n to t h e  ope r a t ions o f  the v a r i o u s  proc e s s  un i t s , they a re 
cr i t ic a l  to the  ope r a t ion o f  the re f i n e ry . 

I .  S torage Tanks 

Tankage in a re f i n e ry is requ i red for s torage  of c r ud e  o i l  and 
i n termed i a te and f i n i shed prod u c t s , in both l ique f i e d  and g a se o u s  
forms . The requ i reme n t  f o r  tankage w i l l  vary , d e p e nd i ng upon s uc h  
f a c to r s  a s  the s t o rag e l e v e l s  fo r c r ud e  o i l , t he n umber o f  prod uc t s  
and the i r  s to r ag e  l e ve l s , a nd the var i e t y  o f  b l e nd i ng a n d  i n te r­
med i a te s tocks . 

Many t a nk d e s ig ns a r e  av a i l ab l e  for storage o f  l iqu i d  prod u c t s  
and g a se s . The type o f  s torage requ i re d  w i l l  d epend pr imar i ly u po n  
the vapo r  pr e s s ur e  and po ur po i n t  o f  the ma ter i a l . To m i n im i ze 
hyd roc arbon emi s s ions , prod uc t s  s uch a s  mo to r g a so l i n e  are  s to re d  
i n  f l o a t i ng roo f t a nk s . A n umber o f  t a n k s  are  equ i pped w i th s t e am 
co i l s  a nd are i n s u l a ted to s tore prod u c t s  s uc h  a s  h i g h l y  v i sc o u s  
o il s  and aspha l t .  Pr od u c t s  wi th l ow v apo r pr e s s ur e  a r e  s tored i n  
f ixed roo f  t a nk s . 

I I .  S te am Ge ne r a t i ng Sys t ems 

Ste am i s  n e ed e d  fo r many of the re f i ne r y  proce s se s . The s e  i n­
c l ude s t e am d i s t i l l a t ion , s te am s t r ipp i ng , s te am- j e t  e d u c to r s  f o r  
vacuum d i s t i l l a t io n , s te am t urb i ne s  for d r i v i ng blowe r s  a n d  o the r 
equ i pme n t , s t e am re fo rm i ng to prod u c e  hyd rog e n , a nd powe r g e ne r a­
t ion . 

S t e am i s  prov id ed to the re f i n e ry proce s s e s  through e i th e r  a 
c losed l oop o r  an open l oop sys tem . In the c l o s e d  l oop sys tem , the  
s t e am genera ted y i e l d s  i t s  hea t to  the prod uc t proce s s  s t re am s  i n  

2 4 1  



h e a t  e x ch a ng e r s  by c o nd e n s a t ion . Th e s t e am cond e n s a t e  i s  then  re­
t urned to t h e  bo i l e r . The open sys t em u s e s  s te am for s tr i pp i ng i n  
f r ac t i o na t i ng towe r s , for e x ampl e ,  and the s t e am l o s t  i s  mad e up by 
f e edwa t e r  to t h e  bo i le r . 

F i g ur e  4 4  s hows a typ ic a l  s te am gene r a t ion s y s tem . Fre s h  mak e­
up wa te r is  f i r s t  t r e a ted by so f ten ing and de- i on i z a t i o n  to a c h ieve 
the  d e s i r e d  f e e d wa t e r  q u a l i ty . A f t e r  trea tmen t  t h e  f r e s h  wa t e r  i s  
prehe a te d  w i th the bo i l er b l owd own and pumped to the  d e - a e r a to r  to 
r emove d i s so lved oxyge n . The treated mak e-up wa t e r  i s  t h e n  m i xe d  
w i th t h e  r e t ur ned cond e n s a te and pumped t o  t h e  bo i l er . 

I I I .  F l ar e  and B l owdown Sys tems 

Th e f l ar e s  are the ma i n  s a fe ty v a l v e s  f o r  the r e f i n e ry o pe r a­
t io n . They s a f eg u a rd per sonne l and pro te c t  the  p l a n t  f r om d amag e 
d ur i ng proce s s  un i t  ups e t s  and p l a n t  emerge ncy cond i t i o n s , s u c h  a s  
power f a i l ur e s  and e x t reme pre s s ure cond i t ion s i n  proce s s  u n i t s . 
To pro t e c t  the r e f i nery equ i pmen t from d amag e ,  a nd f o r  ope r a t ing 
s a f e ty , pre s s ur e  r e l i e f valve s  are se t be l ow the  d e s i g n  pre s s ure o f  
t he equ i pme n t . 

Ba s i c al l y , a f l are sys tem con s i s t s o f  p i p i ng to col l e c t  the  
g a se s , d e v i c e s to r emove e n tra ined l i qu i d , and a terminal  b u r ne r 
ope r a t i ng i n  the ope n  w i th no prov i s io n  to recov e r  h e a t  o r  to t r e a t  
t h e  c ombu s t ion prod uc t s . A s  shown i n  F i g u r e  4 5 , the  s y s tem co n­
s i s t s  of the f o l l ow i ng e l eme n t s : 

• Fl are h e ad e r  f rom t he proc e s s  un i t s  

• Kn ocko u t  d rums t o  remove and s tore cond e n s a b l e  and 
e n t r a ined l iq u i d s  

• Propr i e tary s e a l , d r um ,  or p urge g a s  to pre v e n t  f l a s h b a ck 

• F l are s tack to ra i se the burner to t h e  d e s i re d  he i ght 

• Ga s p i l o t s  and an ig n i te r  

• S t e am i nj e c t io n  fo r smoke l e s s  f l ar i ng . 

Du r ing norm a l  ope r a t ions , whe n  none o f  the  sys tems a r e  r e l e a s ­
i ng h yd roc a rbon s ,  p urge g a s  i s  r equ ired to ma i n ta i n  ve l oc i ty i n  th e 
f l a ir s tack to prev e n t  back f l ow o f  a i r i n to the f l ar e  sys t em to 
avo id e xplos i o n s . Und e r  eme rgency cond i t i o n s , t h e  r e l e a s ed h yd r o­
c arbons f l ow f rom t he f l are h e ad e r  to the knockou t  d rum ,  whe r e  
en tra i ned l iq u i d s  a r e  separate d . Th e vapo r s  f rom t h e  d r um f l o w  
through a l iqu i d  s e a l  t o  the f l are and are  burned . S t e am i s  i n­
j e c ted i n to the  f l ar e  g a s  o r  fl ame to prov i d e  a smoke l e s s  e xh a us t . 
Th e l i qu id i s  p umped to the s l op o i l  sys tem f o r  reproce s s i n g . Th i s  
sys t em avo i d s  the uncon t ro l l e d  d i s c h a rg e  o f  h yd roc a rbon s to t he 
wa s tewa t e r  tre a tm e n t  sys tem , t he r e l e as e  o f  h yd ro c arbon to the a i r ,  
a nd the  l o s s  o f  v a l u a b l e  pe t role um ma t e r i a l . 
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Seve r a l  type s of f l ar e s are ava i l ab l e , b u t  a l l  mu s t  ope ra te 
s a fe l y  a nd e f f i c i e n t l y  und e r  w i d e l y  vary i ng cond i t io n s . Th e f l ow 
o f  wa s te g a s  c a n  range from a lmos t  z e ro , when t h e  o n l y  d i s c harge s 
are l e akag e s  f rom re l ie f  v a l ve s , to very l arge quan t i t i e s  i n  eme r­
g e nc ie s . Fur th e r , t h e  requ ired c a pac i ty o f  t h e  f l ar e  var i e s w i t h  
the c ru d e  o i l  throughpu t , the c ompl e x i ty o f  r e f i n i ng , a nd the c apa­
c i ty o f  the  r ecovery sys tem . 

S i nce i t  i s  d i f f i c u l t  to d e s ign a s i ng l e  f l are to h a nd l e e ff i­
c ie n tl y  s uc h  e x t r eme var i a t ions  in  f l ow ,  many s ys tems have two 
f l are s . One f l ar e  i s  d e s igned to prov i d e  smoke l e s s  c om b u s t ion for 
t he normal  f l ow ,  and the o ther is  a c t iv a te d  to h a nd l e  e x c e s s  f l ow 
re s u l t i ng f r om an eme rgency . There a l so may b e  f l are s d e s igned t o  
s e rve s i ng l e  s pe c i a l i ze d  un i t s . 

IV.  Coo l i n g  Wa t e r  Sys tems 

Wa te r i s  typ i c a l l y  used fo r remov i ng h e a t  f rom the v a r i o u s  
prod uc t s tr e am s . Fan s a r e  employed , howeve r , f o r  a i r  c oo l i ng i n  
s ome r e f i n e r i e s  to red u c e  wa ter requ i reme n t s  and e f f l ue n t  v o l ume . 
F ig ur e  4 6  i s  an i l l u s tr a t ion o f  a typ ic a l  wa t e r  c oo l i ng s y s tem . 
Mos t  sys tems are  rec i rc u l a t i ng sys tems s im i l ar to the  one shown i n  
the d i ag r am .  Wa t e r  f rom the  coo l i ng towe r b a s i n i s  c i r c u l a te d  to 
heat e x chang e r s  wh e r e  i t  p i ck s  up heat a nd re t ur n s  to the top o f  
the c oo l i ng towe r . The towe r , wh i ch i s  open to t h e  a tmos ph e r e , 
c onta i n s  a wood o r  pl a s t i c  pack i ng , wh i c h  prov i d e s  the  s u r f a c e  
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nece s s a ry to ma i n t a i n  h ig h  hea t-trans f e r  e f f i c i ency . A i r  i s  e i ther 
fo rced or f l ows by na tural conv e c t ion cou n t e r c u r r e n t to wa te r , a nd 
the wa ter i s  coo l ed by evapor a t i ng a por t io n  o f  the  wa te r . 

V .  Re c e i v i ng and D i s tr i b u t ion Sys tems 

Rece i v i ng and d i s t r i bu t ion sys tems are a c omb i n a t i o n  of p umps , 
p ipe l in e s , s to rag e tank s , b arge s ,  t anke r s , tank c ar s , tank t r u ck s , 
and load i ng and unload i ng f ac i l i t ie s . The s e  f ac i l i t ie s  are u s ed t o  
rece ive and col l e c t  mater i al s , c ru d e  o i l , a nd prod uc ts , a nd to 
d i s t r ibute f i nal prod u c t s  to the consum e r  by p i pe l in e  to trucks , 
tank cars , barg e s ,  and tanker s .  

VI . Re f i nery F i re Con t rol Sys tems 

Mo s t  re f i n e r i e s  are c ompl e te l y  equ ipped and ma i n t a i n  tra i ne d  
personnel to f ig h t  a f i r e  sho u l d  one occur . The r e f i nery f i re 
wa ter s y s t em i s  a s e parate sys tem w i t h  d e s i g n a ted s torag e , p umps , 
and p i p i ng . Pro c e s s  areas  ma i n t a i n  pe rman e n t  i n s ta l l ed wa ter spray 
dev ice s c a l l ed mon i tor s ,  wh ich prov id e v i r t u a l l y  i n s tan taneous 
f i re f ig h t i ng capab i l i ty .  Sewe r sys tems , par t i c u l ar l y  t ho s e  i n  pro­
ce s s  are a s , are d e s igned w i th se a l s , cover s ,  traps , f i r e  b a f f l e s , 
e tc . ,  to pr even t  the spr ead of  f i r e  b e twe en a r e a s . Re f i n e r i e s  
ma i n ta i n  a foam s y s t em ,  f i re t r ucks , and o t h e r  f i r e f i g h t i ng equ i p­
men t . Appropr i a te t r a i n ing i s  an e s s e n t i a l  ing red i e n t  o f  f i r e  
pro te c t io n . 
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ENVIRONM ENTAL C ONS I DERAT IONS 

A I R  

The c on t i n u i ng d ev e l opme n t  o f  n a t iona l , s ta t e , a n d  l oc a l  l e g i s ­
l a t i v e  and reg ul a to ry requ i reme n ts gov e r n ing a i r  po l l u t�o n  c o� t�o l , 
f rom 1 9 6 3 to the pre se n t ,  h ave s ub s t an t i al l y  a f f e c ted 0 1 1  r e f 1 n 1 ng 
ope r a t io n s . In par t i c u l ar , the deve lopm e n t  o f  prov i s io n s  f o r  d e ­
ta i l ed pr e -cons t r uc t io n  rev i e w  o f  a l l ma j or s ta t ion� ry so urce � o f  
a ir po l l u t io n  h a s  i n t rod uced a h ig h l y  c omp l e x  and t 1me- c on s um 1 ng 
s e t  of  proced ure s .  

I .  S tand ards and Regu l a t i on s -- C l ean A i r  A c t  

The prov i s ion s o f  t h e  C l e a n  Ai r Ac t d e a l i n g  w i th a ir q u a l i t y  
manag eme n t , Na t ional  Amb i e n t  A i r  Qu a l i ty Stand ard s ( NAAQS ) ,  Pr even­
t ion of S ign i f i c an t  De te r ior a t io n  ( PS D ) , and nona t ta i nme n t  a f fec t 
the re f i n i ng ind u s try and are d i sc u s sed i n  Ch apter On e .  Ot h e r  
prov i s ions that  impa c t  the  re f in i ng i nd u s t ry a r e  New Sourc e Per fo r­
mance St and ard s  ( N SPS ) and State  Impl eme n ta t io n  Pl ans ( S I Ps ) . 

A .  New Sou r c e  P e r f o rmance Standards 

Pe trol e um r e f i n e r i e s  are an i nd u s tr i a l  ca tegory c overed by 
federal NSPS , wh i c h  are n a t ional s tand ar d s  for new ma j o r  i nd u s t r i a l  
source s .  A n ew r e f i ne ry o r  expan s i on i s  a f f e c te d  by t h r e e  NSPS  
( one for  p e t ro l e um re f i ne r ie s 2 and two for l iq u i d  pe t r o l e um 
s to rag e ve s s e l s )  and may b e  a f fec ted by the  NSPS f o r  fo s s i l  f ue l ­
f i red s te am genera tor s  and s ta t ionary g a s  t ur b i ne s . 3 

The NSPS for pe t ro l e um re f in e r i e s  are appl i c a b l e  to FCC U c a t a­
l y s t  regenerato r s , f ue l  g a s  comb u s t ion d e v i c e s , a nd a l l  C l a u s  
s u l f ur rec ove ry p l a n t s  prod uc i ng more than 2 0 long tons p e r  d ay . A 
s ummary o f  the NSPS i s  shown i n  Tab l e  3 2 .  

The NSPS f o r  s to rag e v e s s e l s  for pe t ro l e um l iq u i d s  are appl i ­
cable to ve s s e l s  h av i ng a capac i ty o f  4 0 , 0 0 0  g a l lo n s  o r  mor e  and 
u t i l i z i ng f l oa t i ng roo f s  and/or a vapo r  recov e ry sys t em to control 
hyd roc a rbon emi s s ion s d e pend i ng upon the t r u e  vapo r  pre s s u r e  of  th e 
hyd rocarbon s to red . 

B .  S ta t e  I mp l eme n tat ion P l an s  

Th e Cl ean A i r  Ac t d i rec ted s t a te s  to d ev e lop S I Ps cont a i n i ng 
the control e f fo r t s  r eq u i red to ach i eve comp l i ance w i t h  t h e  NAAQS . 
Each S I P  i s  r equ i red by l aw to i n c l ud e  a cons t r uc t io n  perm i t pro­
gram for any maj o r  emi t t i ng fac i l i ty to a s s ure t ha t NAAQS are 
ach ieved and ma i n t a i ned . 
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Affected 
Facility 

F luid Catalytic 
Cracking Un it 
Catalyst Regenerator 

Fuel Gas Combustion 
Devices 

Claus Sulfur 
Recovery Plants 
( P lants greater than 
2 0  long tons pe r  day ) 

TABLE 3 2  

New Source Per formance Standards 
for P etroleum Re fineri e s *  

Pol lutant 

Particulate§ 

Opac i ty 

co 

so2 

Reduc ed sulfur 
compounds 

H2 S 

Maximum Al lowab le 
Emi s s ion L eve l 

1 .  0 l b/ 1 , 0 0 0  l b  
of coke burn- o f f  

3 0 %  ( 6  minute 
exemption per hour ) 

0 . 0 5 % by vo lume 

Equival e nt of 0 . 1 0  
gra i ns of H2 s per 
dsc f ,l i n  fue l 

2 3 0  mg/ dscm* * 

0 . 0 2 5 % 
( a t 0 %  oxyge n )  

0 . 0 3 0 % 
( at 0 %  oxyge n )  

0 . 0 0 1 0 % 
( at 0 %  oxyge n )  

Mon ito ring 
Requirementt 

No Requi rement 

Conti nuous 

Continuou s 

Continuous 

Conti nuous 

Continuous 

Conti nuous 

Cont inuous 

* Source of data : Code of F e deral Regulations , 40 CFR 6 0 , Subpart J .  
tcont inuous mon i tors are used to determine exc e s s  emi s s ions only . §where the gases ar e di scha rged through an incinerato r  or waste he a t  boiler 

in which an auxi liary fuel , liquid or solid fos s il , i s  used , parti culate matter in 
exces s of 1 . 0  lb/ 1 , 0 0 0  lb of coke burn-off may be emitted at a rate o f  0 . 1 l b/mil­
l ion Btu of heat i nput or l es s .  

,!Dry standard cubic foot . 
* *Mil l i gr ams per dry s tandard cubic meter . 

I I .  Imp a c t  o f  Re f i n e ry Emi s s ions i n  the E nv i ronme n t  

A .  Progre s s  Mad e Through 1 9 7 9  

Pe trol eum r e f i ne r i e s  may b e  l arg e s t a t ionary source s o f  NOx , 
CO , hyd rocarbon s ,  and S Ox . Typ ic al ly , howeve r , r e f i ne ry emi s ­
s ions have been s ub j e c t  t o  con tro l te chno l ogy . Env i ronme n ta l  
Pro t e c t ion Agency ( E PA )  emi s s ion d a t a  f o r  r e f i ne r ie s ( Tabl e 3 3 ) 
e s t ima te that total  s uspended par t i c u l a te ( TS P )  em i s s i o n s  h ave 
decre a s e d  29  pe rcen t  and C O  5 7  percent f rom 1 9 7 0  t o  1 9 7 9 .  Emi s­
s ions o f  SOx , NOx , a nd vol a t i l e  org a n i c  c ompound s ( VOC ) we r e  

2 4 7  



e s t ima ted to incr e a s e  1 0  percen t , 1 0  percen t , an d 3 3  percen t ,  
respe c t iv e l y , d u r i ng t h i s  d e c ad e . Howe ve r ,  whe n  i t  i s  recog n i z e d  
tha t c r ud e  o i l runs  i nc r e a s e d  3 5  p e r c e n t  d u r i ng th i s  per iod , f rom 
1 0 , 8 7 0  t ho u s a nd barrel s per d ay ( MB/ D )  in 1 9 7 0  t o  1 4 , 6 4 8  M B/ D  i n  
1 9 7 9 ,  some ve ry s ub s t an t i a l  r e d u c t ion s were mad e i n  emi s s ions  pe r 
barre l o f  crude o i l  run . The s e  per barrel  r ed u c t io n s  we r e  5 0  p er­
cent for TS P ,  19 p e r c e n t  for S Ox , 1 8  perc e n t  fo r N Ox , and 
6 8  p e r c en t for CO ( Ta b l e  3 3 ) . 

T SP 

sox 

NOx 

voc 

co 

TSP 

s ox 

N �  

voc 

c o  

TABLE 3 3  

E s t imat es o f  Total Emi s s ions from 
Refineri es - - 1 9 7 0  and 1 9 7 9  

1 9 7 0  1 9 79 

Emi s s io n  Est imates i n  Thousand 
Metri c  Tons Per Year* 

7 0  5 0  

62 0 6 8 0  

3 1 0  3 4 0  

72 0 9 6 0  

1 , 99 0  8 5 0  

Emi s s ion Es timates i n  Metric Tons Per 
Mi l l ion Barr els of Crud e Oi l Runt 

1 8  9 

1 5 6 1 2 7  

7 8  6 4  

1 8 1  1 8 0  

5 0 2  1 5 9 

Perc ent age 
C hange 

-2 9 

+ 1 0 

+ 1 0  

+3 3 

- 5 7  

- 5 0  

- 1 9  

- 1 8  

0 

- 6 8  

* Sour c e  of da ta : Envi ronmental Protection Agency , National 
Air Pollutant Emi s s ion E stimates , 1 9 7 0 - 1 97 9 ,  1 9 8 1 .  

+Emiss ion estimates i n  metric tons per mil lion barrels of 
crude oil run bas ed o n  1 9 7 0  = 1 0 , 87 0  MB/D , 1 9 7 9  = 1 4 , 6 4 8  MB/D . 
sourc e  of data : American Petro l eum Institut e ,  B a s i c  P etrol eum 
Data Book , 1 9 8 1 .  
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B .  Compar i son o f  Em i s s ion Leve l s  

An i nd i v i d ua l  re f i n ery m ay b e  a l arge s t a t i o nary s o u r c e  o f  a 
par t i c u l a r  po l l u t an t . Whe n  compared to t o t a l  e m i s s ions f rom a l l  
sourc e s , however , em i s s i o n s  from pe tro l e um r e f in ing ope r a t i o n s  a r e  
a very sma l l  f r ac t ion o f  the to t a l  em i s s ion s , a s  i l l u s tra ted i n  
F i g ure 4 7 .  

Pe tro l e um r e f i n e ry em i s s ions are e xpec t ed to r ema i n  r a the r 
cons tan t i n  t h e  1 9 8 0 ' s ,  a s  c r ude o i l  runs  are  e xpe c te d  to d e c r e a s e . 
The 1 9 8 0  Na t ional Pe tro l e um Co un c i l  ( N PC ) s t udy , Re f i nery F l e x i ­
b i l i ty ,  d e sc r ibe s a c t u a l  re f ine ry c r ud e o i l r u n s fo r 1 9 7 8 ,  th e 
peak c rud e o i l  run ye ar , a nd pro j e c ted r u n s  to 1 9 9 0  a s  shown i n  
Fig ur e  4 8 .  Current foreca s t s  ind i c a te t h a t  even l owe r c r ud e  o i l  
runs are  expe c ted i n  the f u t ur e . De sp i te neg a t iv e  g rowth pro j e c­
t ions , re f iner i e s  w i l l  con t i nue to requ i r e  l a rg e  c ap i t a l  e xpend i ­
t u r e s  f o r  new a nd mod i f ied  f ac i l i t i e s  for upg rad i ng poorer qua l i ty 
crud e  o i l s and other  fe e d s to ck s . 

I I I . I mpa c t  o f  Reg u l a t i o n s  on the C o s t  and Ava i l a b i l i ty o f  
Pe t ro l e um Prod u c t s  

A .  I mpa c t  on Cos t 

Cap i tal  expe nd i tur e s  amou n t ing to $ 3 . 7  b i l l ion have b e e n  
d evo ted to a i r  po l l u t ion aba teme n t  pro j e c t s  i n  the  ma n u f a c t ur i ng 
segme n t  o f  the pe tro l e um i n d u s t ry f o r  the 1 9 7 1 - 1 9 8 0  p e r iod . Th e 
annua l i zed cos t o f  a i r pol l u t ion abateme n t  f ac i l i t i e s  h a s  b e e n  
e st imated a t  $ 1 . 3  b i l l ion f o r  1 9 8 0 .  Th i s  amou n t s  to more than $ 2 5 0 
for e ach barre l o f  d a i ly prod uct c apac i ty . 4 

Much h a s  been accompl i shed by the s e  e xpend i t u re s , i nc l ud i ng the 
r ed uc t ion in em i s s i o n s  pe r barre l of crud e o i l  proc e s s e d  as d e ­
scr ibed prev i o u s l y . Emi s s ions from o i l  re f i n e r i e s  re pre s e n t  o n l y  
0 . 5 percent  o f  to tal  TSP em i s s ions , 2 . 8  p e r c e n t  o f  S Ox , 1 . 5  p e r ­
cent of  N Ox , 3 . 9  pe r c e n t  o f  VOC , and 0 . 9  percen t  o f  C O  ( F i g ur e  
4 7 ) . The se l arge expend i tu r e s  o n  an ind u s try s eg me n t  t h a t  r epre­
sents s uch a sma l l  f r a c t ion o f  the to t a l  emi s s ion s ,  wh e n  i t  i s  a l s o  
recog n i z e d  that the em i s s i o n s  from the p e t r o l e um s e c to r  a r e  a l r e ady 
t i g h t l y  con t ro l l e d , ind i c a te s  that f ur t h e r  con t ro l s  are  no t cos t 
e f fe c t ive . 

Ne v e r the l e s s , t h e  C l ean A i r  Ac t req u i reme n t s  impo s e  l arge un­
c e r ta i n t ie s  i n  the pl ann i ng and d eve lopme n t  of f ac i l i t ie s  and h a v e  
the e f f e c t  o f  i ncre a s i ng pro j e c t  r i sk a n d  cos t s . Ch e v ron U . S . A .  
te s t i f ied be fore the  U . S .  Hou s e  o f  Re pre s e n t a t i ve s S ubcomm i t t e e  o n  
He a l th and Env i ronmen t  i n  1 9 8 1  t ha t  the add i t io n  o f  a s u l f ur 
recovery un i t  a t  Chevro n ' s  Pe r t h  Amboy , New Je r s ey , r e f i n e ry wa s 
d el ayed 1 8  mon th s  b e c a u s e  o f  E PA ' s  indec i s io n  reg a rd i ng whe th e r  o r  
no t a PS D pe rmi t wa s requ i red f o r  t h e  pro j ec t . E PA e v e n t u a l ly 
d e c ided that no pe rm i t  wa s requ i red because the  r e covery un i t  
red uced overa l l  re f i n e ry s u l f ur d iox id e  ( S 0 2 ) em i s s ions f ro m  7 0 0 
tons pe r ye ar to 1 6 2 tons  pe r ye ar . Th i s  d e l ay r e s u l ted i n  the 
add i t ion o f  abou t $ 2 . 3  m i l l ion to t h e  $ 4 0 - 5 0  m i l l io n  o r i g i n a l  
pro j e c t  c o s t  e s t im a t e  and al lowed 8 0 0 t o n s  o f  S 02 t o  b e  em i t ted 
d ur i ng the pe r iod o f  d e l ay . 
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SOURCE: Actual crude o i l  r u n  data from American Petroleum I nstitute, Basic Petroleum Data Book, Petroleum Industry S tatistics, 
1 98 1 ;  projected crude o i l  run data from National Petroleum Counc i l ,  Refinery Flexibility, December 1 980. 

1 .  Lowe s t  Ach i evable Emi s s ion Ra te 

New sourc e s  in  nona t t a i nmen t  area s must comply w i t h  c o n t ro l  
techno l og y  r eq u i remen t s  to e n s ur e  Lowe s t  Ach i ev ab l e  Em i ss i o n  Ra te 
( LAE R ) . LAE R  i s  d e f i n ed a s  the mos t s t r i ng e n t  l im i t a t ion a c h i eve d 
i n  prac t i ce anywh e r e . In no eve n t  can LAER requ i r e  contro l s  l e s s  
s t r i ng e n t  than appl i c ab l e  NSPS . Un l ike Be s t  Ava i l a b l e Con trol 
Te chnology ( BAC T )  appl ied to P S D  areas , LAER d o e s  no t t ake e conom i c  
factors i n to accoun t . LAE R  d e te rmina t i on s may requ i r e  t h e  " tr an s­
fer of  technolog y "  f rom one source c a tegory to anothe r .  'l'he 
Na t ional Comm i s s ion on A i r  Qua l i t y d e termi ned the  LAE R concept to 
be impra c t i cal  and recomme nd ed aband onme n t . S 

2 .  O f f s e t s  Grea t e r  than One- to-One 

To d emon s t ra t e  " re a sonab l e  f urther prog re s s " toward a t t a i nmen t ,  
a new or e xpand e d  source mu s t  obta i n  em i s s ion o f f s e t s  f rom o t h e r  
e x i s t i ng sour c e s  i n  the ar e a . The s e  o f f s e t s  mu s t  b e  g re a t e r  than 
one-t o-one for e a ch pol l u tan t em i t ted . Gen e r a l ly , o f f s e t s  are  
ac ceptab l e  if  obta i ned f rom the  immed i a te v i c i n i ty .  Howe ve r , s i n c e  
VOC a n d  NOx can h ave impac t s  on are a s  a t  g r e a t  d i s tance s f rom t h e  
source , o f f s e t s  fo r t h e s e  po l l u tants  can b e  o b t a ined ove r a b ro ad 
are a ( us u a l l y  the  e n t ire  Ai r Qua l i ty Con trol Reg io n ) .  I f  the  pro­
posed o f f s e t s  are obta i n ed from sources  loca ted far f r om the new 
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sourc e , a g r e a t e r  o f f s e t s  r a t io i s  g e n e r a l l y  requ i re d . In  the s e  
c a se s , the  appl i c an t  m u s t  d emon s t r ate tha t nearby o f f s e t s  we re 
i nve s t i g a te d , and tha t rea son able a l terna t ive s were unava i l a bl e . 6 

B .  Impa c t  on Ava i l a b i l i ty 

In the 1 9 7 1 - 1 9 8 0  p e r iod , pe tro l e um r e f i n e r i e s  ope r ated a t  
9 0  pe r c e n t  o r  l e s s  o f  capac i ty ,  avera g i ng abou t 8 8  percen t .  Th u s , 
ove ra l l  the re h a s  been no sho rtag e of  prod u c t s  d u e  to re f i n ing 
capac i t y l im i ta t ion s . De l ays i n  perm i t t i ng n e w  f ac i l i t i e s  a t  wo r s t  
r e s u l te d  i n  local d i s l o c a t ions i n  pe tro l e um s uppl i e s , wh i c h  we re 
reme d i ed by sh i f t i ng d i s tr i bu t ion pa t t e rn s . Loc a l  p rod u c t  shor t ­
age s repl en i shed b y  s h i f t i ng sour c e s  typ i c a l ly a d d  cos t s  to the 
prod uc t marke ted . 

C .  C a s e  H i s tor i e s  

Ad ve r s e  imp a c t s  o f  the Clean  Ai r Ac t a r e  d e s c r ibed i n  a 1 9 8 1 
s tud y by Env ironme n ta l  Re search and Te chno logy , In c . , i n  wh i c h  1 5 0 
compan i e s  part i c i pated and 9 2  c a s e  h i s to r i e s  we re v e r i f i ed and 
d oc umen ted . Va r io u s  comb i n a t ions o f  three g e ne r a l  probl ems we re 
fo und in a lmos t  eve ry case s t udy repor t : und ue unc e r ta i n ty i n  
pro j e c t  p l a n n i ng ; avo i d a b l e  d e l ays i n  d e c i s i o n-ma k i ng by rev i e w  
agenc ie s ; a n d  u n j u s t i f i ab ly s tr i n g e n t  control t e c h no lo gy requ i r e ­
men t s  wi tho u t  comme n s ur ate a i r qua l i ty bene f i t s . 

An alys i s  of  the c a s e  s t ud y  repo r t s  i nd i c a te d  s e v e r a l  ad v e r s e  
e f fe c t s  o f  the C l e a n  A i r  Ac t on na t ional  energy , e conomi c ,  e mpl oy­
men t , a nd envi ronme n t a l  goa l s . Among the ma j or adve r s e  e f fe c t s 
ev idenc ed i n  many o f  the c a s e  s t ud i e s  are the f o l l ow in g : 

• Red uc ed d evelopme n t  o f  dome s t i c energy re s o ur c e s  

• Los s  or d e l ay o f  empl oyme n t  a n d  loc a l  t a x  reven ues 

• Pro j e c t  cance l l a t ion or r e lo c a t i on 

• Ad ve rse e f f e c t s  o n  sma l l  compan i e s  

• De l ayed a i r  qua l i ty improveme nts b e c a u s e  o f  C l e a n  A i r  
Ac t requ i reme n t s . 

Th e pr i n c ipal c a u s e s  o f  the e x ce s s i ve cos t s , unce r ta i n t i e s , 
d e l ays , a nd e x ce s s ive con trol requ i reme n t s  we re c a t e g o r i z ed a s  
fol lows : 

• Comp l e x  and i n fl ex i b l e  s t a tutory requ i reme n t s  f o r  
reg u l a to ry r e v i ews , i nc l ud i n g : 

Ove r l app i ng f e d e r a l  and s ta te re v i e ws 

Compl e x  reg u l a t ions s ub j e c t  to freque n t  chang e 
d u r ing rev i ew procee d ings 

La ck o f  f l e x i b i l i ty by rev iew agenc i e s  in  the i r  
i n terpre t a t ion o f  r e g u l a to ry requ i reme n t s  
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Ope r a t i onal  probl ems w i th i n  the rev i ew a g e nc i e s 
( e . g . , work over load , personnel t ur no ve r , 
inad equa te c ommu n i c a t ions ) .  

• Impl eme n t a t ion o f  the PS D prog ram , i n c l ud ing : 

Di spute s concern ing P S D  i nc r eme n t  a l l oc a t io n  

Le ng thy a n d  uncer ta i n  nego t i a t i o n s  conc e r n i ng 
c a s e -by-c a s e  BAC T de termi n a t ion s 

Lengthy pr e-appl i c a t ion amb i e n t  mon i tor i ng 
req u i reme n t s . 

• Imprac t i ca l  nona t t a i nmen t  area req u i reme n t s , i nc l ud ing : 

Ex ce s s i v e l y  s t r i ng e n t  ( and chang eab l e ) LAER 
d e te rm i na t ions  

Unava i l ab i l i ty o f  emi s s ion o f f se ts . 

• Te chn i c a l  d i f f i c u l t i e s , i nc l ud i n g : 

Ex ce s s i ve l y  con s e r va t i ve a i r qua l i ty mod e l i ng 
requ i remen ts 

Us e o f  unve r i f ied  mod e l s  to d e te rm i ne em i s s ion 
control  r eq u i r ement s .  

Spe c i f i c c a s e  h i s tory e x ampl e s  o f  re f i n e ry pro j e c t s  s uppor t i ve 
o f  these conc l u s i o n s  f o l low : 7 

1 .  Case  H i s tory No . 1 

An o i l company i n i t i a ted amb i e n t  a i r qua l i ty mon i to r ing pro­
grams i n  the  v ic i n i t ie s  of two m i d we s te r n  r e f i ne r i e s  a nd one e a s t­
e rn re f i n e ry . The ob j e c t ive o f  t h e s e  program s  wa s to col l e c t  d a ta 
that wo uld b e  needed fo r PS D permi t s , a l though no spec i f i c  c omm i t ­
men t to e xpand or mod i fy any o f  the three f a c i l i t i e s  h a d  ye t b e e n  
mad e . It  wa s be l i eved by the c ompa ny t h a t  e a r l y  c ompl e t ion o f  th e 
mon i to r i ng wou l d  e l im i n a t e  a 1 5- to 1 8 -mon th d e l ay a t  a l a t e r  d a te 
when t im i ng for one o r  more pro j e c t s  c o u l d  b e  c r i t i c a l . 

The company ' s  manag eme n t  reque s ted t h a t  prel i m i n a ry wo rk be 
c ond u c te d  in Ja nuary 1 9 7 9  to de term i ne cos t s  of s uc h  a mon i to r i ng 
prog r am .  In i t i a l  con t a c t s  to s ta te and f e d e r a l  agenc i e s  were mad e 
i n  February 1 9 7 9 ,  a nd a r eque s t  for b i d s  wa s s e n t  to f iv e  contrac­
tors . In  May , the  con trac t to per form the  mon i tor i ng wa s award e d  
and prepar a t ion wa s s t a r ted on t h e  wo rk p l an s  t o  b e  s ubmi tted to 
the appropr i a te agenc i e s ( two s ta te s  and E PA r e g i on s ) .  Mod e l  c a l ­
c ul a t ions  we re mad e t o  d e te rm i n e  the l oc a t i o n s  o f  e xpec te d  max imum 
shor t-term and lon g-term S 0 2 and par t i c ul a te conc e n tra t io n s  
around e a c h  fac i l i ty .  Th e s e  c a l c u l a t i o n s  s e rved t o  a s s i s t  i n  
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d e te rm i n i ng the approp r i a te number and d e p l oyme n t  o f  mon i to r ing 
s t a t ions . 

Wo rk p l a n s  d e sc r i b i ng the proposed mon i tor i ng prog r ams we re 
s ubm i tt ed d u r ing Aug u s t and Septembe r . The wo rk p l an for one o f  
the r e f i n e r i e s  wa s qu i ckly approved and mon i to r i ng s i te s e l e c t io n  
a nd acqu i s i t io n  b e g an . Two s i te s  we r e  s e l e c te d , b u t  l oc a l  pol i t i c s  
e l im ina t ed both . One a l terna te s i te wa s i d e n t i f i e d  immed i a te ly , 
b u t  an acceptable  second s i te wa s not l oc a ted u n t i l  the e nd o f  
De cembe r . 

E PA Reg io n  V re f u s ed to approve the mon i to r i n g  p l a n s  f o r  the  
o th e r  two re f i n e r i e s , wh i c h  a re in  a d i f f e re n t  s ta t e . In i t s 
d e n i a l , E PA c i te d  1 0  i s s ue s  r eq u i r i ng re so l u t io n  be fore appro va l  
could b e  g ranted , a l t hough a t  a s ubseque n t  mee t i ng i n  November hal f 
o f  the s e  top i c s  were d r oppe d . The compa ny s ubmi t t e d  a n  ad d e nd um to 
the se wo rk p l a n s  and f inal  ag ency a pprova l  wa s o b t a i ned in Ja nuary 
1 9 8 0 .  Two mon i to r i ng s i te s  we re loca ted near  each r e f i n e ry , and 
t he d a t a  co l l e c t i o n  had comme nced a t  a l l l oc a t i on s  by t h e  e nd o f  
February . 

Three impor t a n t  probl ems are i d en t i f i ed i n  th i s  c a s e  h i s to ry . 
F i r s t  i s  the t ime d e l ay a s so c i a te d  wi th the mon i to r i ng r eq u i reme n t . 
In th i s  c a s e , 2 9 mon t h s  e l apsed be twe e n  the  d e c i s io n  to mon i to r  and 
the e x pe c ted compl e t i o n  o f  the mon i to r i ng repo r t . Th e s e c ond prob­
l em is the co s t  o f  mon i tor i n g . Approx ima t e ly $ 7 5 0 , 0 0 0  wa s s p e n t  to 
mon i to r  at s i x  s i te s  ( two s i te s  at each o f  three l o c a t i o n s ) .  Bo th 
o f  the s e  f a c to r s  h ave the po t e n t i a l  to c a u s e  s ig n i f ic a n t  i n c r e a s e s  
in  the re f i nery mod i f i c a t ion cos t s . 

Th e th i rd po i n t  i s  tha t the a i r  qua l i ty mon i to r i n g  s t a t io n s  
ope ra ted b y  s ta t e  a nd l oc a l  agenc i e s  wer e  located  w i t h i n  abo u t  two 
m i l e s  o f  e ach pl a n t  s i te . Ne v e r the l e s s , s t a te and f e d e r a l  a u t ho r i­
t i e s  d e te rm i n ed the s e  e x i s t i ng s i te s  we re inappropr i a te to a s s e s s  
the impa c t s  o f  the f a c i l i t i e s  i n  que s t io n . 

2 . C a s e  H i s to ry No . 2 

In Ja nuary 1 9 8 0 ,  a r e f inery beg a n  cons i d e r a t io n  o f  po ten t i a l  
mod i f i ca t ions  and b e g an t o  make pre para t ion s t o  apply for the  
nece s s ary e nv i ro nmen tal  perm i t s . Some chang e s  i n  po l l u ta n t  em i s­
s ions wo uld l i ke l y  o c c u r  d ue to the s e  mod i f i c a t ions , b u t  the a c t ua l  
mag n i t ud e  o f  the  chang e could no t be d e te rm i ned un t i l  a n  em i s s ion 
base l ine for the  e x i s t i ng re f i n e ry wa s e s ta b l i shed . 

Mee t ings  w i t h  the  appropr i a te s ta t e  agency wer e  h e ld i n  Febru­
ary a nd March i n  an a t tempt to e s tabl i sh g u id e l i n e s  f o r  s e t t i ng 
bas e l ine emi s s ions for the re f i n e ry . Bo th the re f i ne ry personne l 
and the agency we r e  uncer ta i n  a s  to how to proc e ed w i th th i s  d i f ­
f i c u l t  tas k . Re f in e r i e s  are  e x treme l y  comp l e x  s o u rce s w i t h  many 
i nd iv i d u a l  po l l u tan t r e l e a s e  po i n t s . Fu r th e rmore , a n  a b s o l u t e  
opera t ion a l  requi reme n t  o f  s uch fac i l i t i e s  i s  the  f l e x i b i l i ty t o  
re spo nd rap id l y  to t h e  prod u c t  d emand s o f  t h e  marke t ,  wh i c h  r e s u l ts 
in  h i g h l y  var i a b l e  em i s s ion s . Th i s  var iab i l i ty i s  o f ten f ur t h e r  
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compl i c a ted by the chang ing ava i l a b i l i ty o f  c rud e o i l  f e e d s tocks 
and f ue l s  for i n t e r n a l  cons umpt ion , e . g . , n a t u r a l  g a s . 

As a re s u l t  o f  t h e s e  c ompl e x i t i e s  and d i f f i c u l t i e s  i n  i n te r­
pre t ing the Cl ean A i r  Ac t ' s  i n ten t ions on th i s  po i n t ,  a s e r ie s  o f  
data reque s t s  f rom the  s ta te agency wa s rece ived over a p e r iod o f  
almo s t  a ye ar . Du r i ng t h i s  pe r iod , r ev i s i ons  t o  the C l e a n  A i r  Ac t 
s e c t ions on New Source Rev i ew were promu l g a te d , f ur t h e r  compl i c a t­
i ng the proc e s s . 

In February 1 9 8 1 , the agency fo rma l l y  r e f us e d  the c ompany ' s  
proposed d e f in i t ion o f  ba s e l ine emi s s i on s . On l y  i n  m i d - 1 9 8 1  wa s 
prog r e s s  mad e toward resolv i ng th i s  i s s ue . 

Th e leve l s  o f  analys i s ,  mon i to r i ng , and po l l u t i o n  control  
requ i red for mod i f i c a t ions to  e x i s t i ng source s d e pe nd on the  a n t i ­
c ipa ted ne t i nc re a s e  i n  em i s s ions a s soc i a te d  w i th the mod i f i c a t i o n . 
As c urre n t l y  form u l a ted , the Clean  A i r  Ac t re g u l a t i o n s  on t h is 
po i n t  d e f i n e  the i n c re a s e  i n  em i s s ions  o f  any po l l u ta n t  f rom a 
base l i n e  l eve l re pre s en t i ng average oper a t ion s d ur i ng the  t wo ye ars 
pr ior to the start o f  construc t io n . Fo r a s o u r c e  w i th h ig h ly var i­
able emi s s ion s , s uc h  as a re f i n e ry , the arb i t r a ry t wo-ye a r  b a s e l in e  
per iod c a n  pe nal i ze so u r c e s  ope r a t i ng a t  l e s s  than f u l l c a pa c i ty 
d ur i ng t h i s  per iod , s i nce the  lower the  b a s e l in e  l e v e l  u s e d , t h e  
l arger t h e  d i f fe re n c e  i n  em i s s i o n s  t h a t  w i l l  be a t t r i b u te d  t o  t h e  
mod i f i c a t ion . A s  a n  i l l u s tr a t ion o f  th i s  po i n t , con s i d e r  a re f i n­
e ry tha t d u r i ng t he two ye ars be fore a propo sed mod i f i c a t i o n  had 
had a l arger than normal s upply o f  n a t ur a l  g a s  to f i r e  h e a t e r s  and 
o the r equ i pme n t . I f  the p l a n t  conf i g u r a t i o n  a f t e r  the  mod i f i c a t i on 
i s  to be pe rm i t te d  for the  u s e  o f  o i l - f ired equ i pmen t ,  the  percen t­
age increase in SOx em i s s ions t h a t  wo u l d  be used to c h a r a c te r i ze 
the mod i f i c a t ion wo uld b e  muc h greater  than i f  o i l  h ad b e e n  burned 
b e fo re the mod i f i c a t i on . 

In th i s  c a s e , we l l  ove r  one ye ar wa s s pe n t  by the  c ompany i n  a 
cooperat ive e f fo r t  w i t h  the s ta te agency to a t t empt to d e f i n e  bas e­
l i ne em i s s ions . Th e ru l e s  f o r  s uch c a s e s  need to be rev i ewed and 
pos s i b l y  change d . 

3 .  C a s e  H i s to ry No . 3 

A ma j or re f i n e ry p l anned a $ 5 0 0  m i l l io n  mod e rn i z a t io n  o f  a 
s e r i e s  of  f ac i l i t ie s  to enab l e  them to man u f a c t u r e  h i g h  v i s cos i ty 
i nd e x  l ubr i c a t i ng o i l . The new equ i pmen t  wo u l d  r e p l a c e  4 0 -yea r-o l d  
u n i t s  and b e  more energy e f f i c ie n t ,  more env i ro nme n ta l ly a c c ept­
able , and be f ur th e r  r emoved f rom p ubl i c  s tree t s  and home s . The r e  
wou l d  b e  n o  change i n  t h e  amoun t  o f  c rud e o i l  g o i ng throug h t h e  re­
f inery . The c umu l a t i ve emi s s ion chang e s  of S 02 , N Ox , C O , VOC , 
a nd par t i cu l a te ma t te r  s i n c e  1 9 7 7  wou l d  be neg a t i v e . Th e appl i c an t  
vol untar i ly wo uld con trol emi s s ions to e n s ure the s e  l e v e l s .  

The pro j e c t  i s  s ub j e c t  to the  Clean  Ai r Ac t con s t r uc t ion b an 
appl i c ab l e  to ma j or so u r c e s  i n  nona t ta inmen t  a r e a s  o f  s ta te s  tha t 
do no t h ave an approved S I P .  As par t  o f  the  con s tr u c t io n , the 
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company m u s t  d r i v e  approx ima t e ly 2 , 0 0 0  p i l i ng s . Of the se , 5 0  are 
loca ted near  e x i s t i ng h i g h-pre s s ur e  reac tor ve s s e l s .  The s e  are  
s h u t  d own i n  a v e ry c ompl i c ated seque nce f o r  ma i n te nance a pprox i ­
ma t e l y  e ve ry two ye ar s ; a ma i n tenance s h u td own o c c urred i n  Ma r c h  
1 9 8 1 . The company c a l led E PA to rev iew the  p i l e  d r iv i ng i n  l ig h t  
of t h e  con s t r uc t i o n  ban . E PA d id no t appe ar to be f ul l y cog n i z an t 
o f  the reg u l a t i o n s  and wa s unw i l l ing to take any s te p s  to perm i t  
the d r i v i ng o f  the p i l e s . E PA could no t d e t e rm i n e  wha t  con s t i t u ted 
t he " i n s t a l l a t i o n "  und e r  the d ua l  source d e f i n i t ion , as  i t  c o u l d  
no t d e termine the  e x te n t  o f  the  '' i n s t a l l a t i o n "  o f  wh i c h  the  p i l i ng s  
we re par t , a nd t h us d e n i e d  the reque st . EPA t he r e fo re re s po nd ed by 
s a y i ng t ha t i t  h ad no t been a f ford ed any d i s c re t io n  by Cong re s s  i n  
e nforc ing the cons truc t i o n  r e s t r i c t io n . Th e s t a t u to ry l ang uag e 
c l e a r l y  prov ide s t h a t  the  re s tr i c t ion o n  ma j o r  con s t r uc t i on i s  
a utoma t i c  and mand a tory . 

I n  th i s  c a s e , a cons truc t ion proj e ct t h a t  wou l d  a c t ua l ly r ed uc e  
emi s s ions w a s  h e l d  up b e c au s e  t h e  s t a t e  a n d  E PA c o u l d  n o t  c ome to 
t e rms o n  a n  S I P  r ev i s io n . Th e S I P  r ev i s ion w a s  t r a nsmi t ted t o  EPA 
on Ja nua ry 1 4 , 1 9 8 0 . A f t e r  rece i v i ng pub l i c c omme n t s  on the pro­
pos a l s  a nd a f ter mo re than one ye a r  o f  d e l ay , E PA s t i l l  h a s  not 
approved the S I P . 

The l ack o f  d i s c re t ion a l l owed by l aw for t h e  agenc i e s  doe s not 
perm i t  un u s ua l  c i r c ums tances  to be taken i n to accoun t . De l ays s uc h  
a s  those encounte red i n  t h i s  pro j ec t  a r e  wa s te f ul . Th e n e w  equ i p­
men t  wou l d  red u c e  e m i s s i o n s  a t  the r e f i n e ry and be more e nergy e f­
f i c i e n t  than e x i s t ing equ i pmen t .  I t  wo uld i nc re a s e  annual  c i ty a n d  
coun ty tax reve nue s by $ 7  m i l l io n  a n d  wo u l d  prov i d e  1 , 2 0 0  cons t r uc ­
t io n  j ob s  a n d  5 0  p e rmane n t  j obs for the are a . 

4 .  Case  H i s to ry No . 4 

A m a j o r  re f i n e ry planned a mod i f ic a t ion to proc e s s d i f fe r en t 
g rad e s  o f  c rud e o i l . It  wa s cons i d e red a ma j or mod i f i ca t ion for 
S0 2 and par t i c u l a t e  ma t te r  and thus  s ub j e c t  to the  PS D re g u l a­
t ions . 

A mon i to r i ng p rog ram wa s d e s ig ned , b ased on very e ar l y  proj e c t  
plans . The f i n a l  prog r am wa s requ i red t o  b e  much mor e  r igorous  and 
c omprehe n s i v e  i n  ord e r  to cover po s s i b l e  d e s ig n  c h a ng e s .  Neg o t i a­
t ions  over the mon i tor i ng prog r am took s ever a l  mon th s and , i n  
e f f e c t ,  we r e  a pr e - P S D  p e rm i t .  Co s t  fo r the prog r am wa s a ppr o x i ­
ma t e l y  $ 4 0 0 , 0 0 0 .  The to t a l  t ime per iod t o  i n s t i t u t e  a nd c arry ou t 
t he mon i tor i ng wa s 1 4  mon th s . 

A ma j or probl em i n  the analys i s  po r t ion o f  the  appl i c a t i o n  wa s 
a r eq u i reme n t  t h a t  s e condary emi s s ion s be addre s se d  ( i n t h i s  c a s e , 
s h ips  a t  the po r t ) .  Be c a u s e  i t  i s  impo s s i b l e  to pred i c t  o r  d i c ta te 
the type s o f  tanke r s  to c a l l  a t  the por t ,  c e r ta i n  a s s umpt io n s  had 
to be mad e . An ag r e eme n t  wa s r e ached to mod e l  a c e r ta i n  type o f  
s h i p  and f ue l . Mod e l i ng techn i q ue s are u s u a l l y  a pp l i ed t o  s t a t io n­
ary sourc e s , n o t  mob i l e  sour c e s . ( Al thoug h mob i l e  source mod e l s  
are ava i l abl e , they are no t appl i c a b l e  t o  l arge s o u rce s s uch a s  
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sh ips . )  In add i t io n , the smoke s tacks on sh ips are  u s ua l l y  short 
and wide and are s ub j e c t  to a s ig n i f i c an t amo u n t  of  a e rodynami c 
downwash . Th e e rrors assoc i a ted w i th t h i s  type o f  analys i s  are 
great and to base f i nal  perm i t  cond i t ions on s u ch an uncer ta i n  
bas is i s  a que s t i onab l e  prac t i ce . 

No v i o l a t ions o f  PS D i nc reme nts we re pred i c te d  by the  mod e l ing . 
Howeve r ,  i t  showed a 9 6  pe rcent cons ump t io n  o f  the  C l a s s  I 3 -hou r 
S02 i nc reme nt a t  the Breton W i l d e rness  5 0  k i l ome ters awa y . I t  
a l so pred i c ted a 9 8  percent con s ump t io n  o f  t h e  loca l C l a s s  I I  2 4 -
hour S 02 i n c reme n t . In both cas e s , v e s s e l  emi ss i o n s  were the 
ma j o r  cause , co n tr i bu t ing to thre e -qua r t e r s  and a lmos t a l l  o f  the 
Class I a nd I I  i nc reme nts , respe c t iv e l y . S i nce th i s  i n c r eme n t  con­
s umpt ion wo uld pre c l ud e  any f u t ure d ev e l opmen t ,  a ma j o r  conc e r n  o f  
the s t ate o f  M i s s i s s i pp i , the company ag reed to " re f und " po r t ions 
of each increme n t  if  n e c e s s a ry . The s e  '' re f und s "  wo u l d  l im i t  co n­
sumpt ion to no mo re than 6 5  p e r c e n t  of the Cl a s s  I a nd 5 0  p e r c e n t  
of  t h e  C l a s s  I I  inc rement s .  

Th e company be l i e ve s that the PS D increme n t s , thems e l v e s  s t r i n­
gent constr a in t s , we re cons idered abso l u te l im i t s  and , i n  e f f e c t , 
be came l a n d-use c r i te r i a .  The nece s s i t y  o f  pr e-approval  o f  a 
mon i tor ing pl an wa s ,  i n  e f f e c t ,  a pre-p e rm i t . Th e appl i c a t ion o f  
mod e l i ng techn iques t o  a source o f  emi s s ions s e co nd a ry to t h e  mod i ­
f i cat ion b e c ame t h e  l im i t i ng f a c tor . 

Th e to tal cost of  the e n t i re PS D p e rm i t  i s  e s t ima ted to be 
$ 7 0 0 , 0 0 0 .  A t o t a l  o f  1 6  months  pas s ed a f te r  mon i to r i n g  wa s com­
ple ted be fo re the perm i t wa s approved . The to t a l  t ime f rom p ro j e c t  
incep t i o n  t o  pe rm i t  approva l wa s 3 2  mon th s . The to t a l  pro j e c t  cos t 
i s  e s t ima ted a t  $ 1  b i l l i on ; a t  current ma rk e t and i n f l a t i on r a te s ,  
the amoun t re pre s e n t s  a lmos t $ 3 0 0 , 0 0 0  for each d ay the p ro j e c t  wa s 
d e layed . 

5 .  C a s e  H i s tory No . 5 

In e a r l y  1 9 7 9 ,  a ma j or o i l  re f iner i n fo rme d E PA t h a t  i t  wan ted 
to mod i f y  an e x i s t i ng s u l f ur recove ry p l a n t  at i t s  re f ine ry to 
improve pe r formance and s a t i s f y s t a te po l l u t io n  control  requ i r e ­
me nts . The planned improvemen t s  we re d e s i g ned t o  red uc e S 0 2 
emi s s ions by ove r 5 0 0  tons pe r ye ar . De sp i te the em i s s ion r e d u c ­
t ion , E PA requ i r ed the re f i n e r  t o  apply for a PS D pr e -con s tr uc t io n  
permi t .  

Af te r months  o f  e f fort by comp any e ng i ne e r s  and a n  env i ron­
mental  cons u l t i ng compa ny , the o i l  re f iner s ubmi t te d  a PS D permi t 
appl i c a t i on to E PA i n  June 1 9 7 9 .  It req u i red a l mo s t  seven mon th s  
of  d e l ibera t ion b y  E PA and a s e r i e s  o f  l e t te r s  and t e l e phone c a l l s  
be fore E PA f i nal ly agreed i n  Ja nuary 1 9 8 0  t h a t  t h e  pe rm i t app l i c a­
t ion wa s compl e t e . The chang e s  mad e to the o r i g i n a l  perm i t  appl i ­
cat ion we re i nconseque n t i a l . 

Ma tters  then became more con f u sed . In an e x change o f  more 
l e t te r s  a nd t e l ephone c al l s  in May 1 9 8 0 ,  E PA so ug h t  t o  d e t e rm in e  
how the Ag ency ' s  adm i n i stra t iv e  ord e r , i s s ued i n  Ja nuary 1 9 8 0 ,  

2 5 7  



par t i a l ly s tay i ng i t s  1 9 7 8  P S D  r eg u l a t i o n s , wo u l d  a f f e c t  the c om­
pany ' s  PS D perm i t appl i ca t io n . F in a l ly , in Ju l y  1 9 8 0 ,  E PA i n forme d 
the company tha t  i t s pro j e c t  wa s n o t  s ub j e c t  to PS D r ev i ew a f te r  
a l l  s i nc e  i t  wo uld red uc e  emi s s ions f rom t h e  p l an t . 

I t  took one a nd a h a l f  ye ar s , $ 5 0 , 0 0 0 ,  and s ev e r a l  thou s a nd 
hours  of  e ng in e e r ing , manag eme n t , consul t in g , a nd gove rnme n t  
rev i e we r s '  t ime t o  d e t e rmine and accept t h a t  t h e  p ro j e c t  wo ul d 
b e ne f i t  the env i ronme n t . Bo th the company a nd E PA p ersonnel  we r e  
v i c t ims o f  r eg ul a t i o n s  so c ompl e x  that  they appare n t l y  d e f i e d  
c on s i s te n t  i n te r pr e ta t ion and ac t io n . To t h e  c ompany , t h e  Ag ency 
per sonn e l  appe ared to be ove rwh e l me d  by t h e  c ompl e x i ty o f  the 
r eg u l a to ry proce s s , focu s ing on m i nor , i nconseque n t i a l  d e ta i l s  
rather th�n the ba s i c i s s ue s  a t  s t ak e . Me a nwh i l e , a comp a ny tha t 
wan ted to improve po l l u t ion control equ i pm e n t  to reduce  a i r  po l l u­
tant emi s s ions wa s h i nd e r ed by E PA ' s  d i f f i c u l t i e s  in sor t i ng ou t 
i n te rpr e t iv e  i s s ue s . 

I V .  Em i s s ion S o u r c e s  and Th e i r  Con t ro l S 

Ge neral  sou r c e s  o f  the mos t  impo rtan t a i r  po l l u ta n t s  tha t may 
be em i t te d  from r e f i ne r i e s  and the me t ho d s  u s ed to control them are 
s umma r i zed in Ta b l e  3 4 .  In the fo l l ow i ng s e c t i o n s  the ke y a i r po l ­
l u tan t sourc e s  a n d  me a n s  o f  con t rol a r e  d ev e l oped i n  mor e  d e ta i l . 

A .  Sources o f  S u l f u r  Compound Emi s s i o n s  

Some o f  the more impo r tant source s o f  r e f i n i ng emi s s i o n s  co n­
t a i n ing s u l fur a re g iv e n  i n  Ta bl e 3 5 .  Th i s  l i s t  shows tha t there  
are  many source s ,  some o f  wh i c h  emi t more than o n e  type of  o b j e c­
t ionabl e compound . In any s pe c i f i c  re f i n e ry , the so u r c e s  tha t m u s t  
be control l e d  w i l l  vary w i th t h e  s u l f ur conten t o f  t h e  c r ud e  o i l , 
the al l owa b l e  s u l f u r  content o f  the prod uc t s , a nd the re f i n ing 
proce s se s  employe d . 

B .  Con t ro l  o f  S u l f u r  C ompound Emi s s ions 

A typ i c a l  s y s tem to con t rol the emi s s ion of  s u l f ur compou nd s  
f rom a r e f i nery cons i s t s  o f  two comp l ementary p a r t s : 

• Sul f ur recov e ry to col l e c t  the s u l f ur r emoved f rom re f i nery 
prod u c t s  and by-prod u c t s  

• Wa s te prod uc t trea t i ng to c o n t r o l  t h e  d i r e c t  emi s s i o n s  to 
the a ir . 

Th e proc e s s e s  empl oyed vary w i th the s u l f u r  c o n t e n t  o f  the 
c r ud e  o i l , the spec i f i c a t i o n s  of the prod uc t s , and the appl i c abl e 
a ir po l l u t io n  control r eg u l a t ions . 

l .  S u l f ur Re covery 

The r e  i s  a wi d e  var i e ty o f  s ul f ur c ompo und s i n  c r ud e  o i l  rang­
i ng from g a s eous H 2 S to c ompl e x  compo und s of v e r y  h ig h  mol e c u l a r  
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TABLE 3 4  

S ources a n d  Contro l s  f o r  A i r  Pol lutants f rom R e f i n e r i e s  

A i r  P o l lutant 

Malodorous S u l f ur 
Compoun d s  

Hydrogen S u l f ide 
Mercaptans 

Organ ic Su l f ides 

I r r i tant S u l f ur Compounds 

S u l f ur Diox i�e and 
Tr ioxi de- S u l f ur ic 

Ac i d- S u l fates 

N i trogen Oxides 

Hydrocarbons 

Asphy x i a n t  G a s e s  

Hydroca rbons , 
Carbon D io x i de , 

I n e r t  Gases 

Tox ic Gases 

Carbon Mo nox ide 
Hydrogen C ya n i de 

Inorgan ic Ac ids 

Hydr o f l uo r i c  
Hydroch l o r i c  

Odors 

Partic ulates 

Smoke 

Process Dust 

M i s t s  

Noi se 

R e f i nery S ources 

Evapo r a t io n ,  
Leaks , Sp i l l s- - All 

Proce s s  Ope r a t ions 

Comb u s t ion--Ca t a l y s t  
Regenerat ion , Trea t i ng 

Proce sses 

Combust ion--Furnaces and In­
t e r n a l  Combus t io n  Engines 

Evapo rat ion , Leak s , Spi l l s-­
Al l P r o c e s s  Ope r a t io ns 

Leaks- - C l e a n ing 
Proc e s s  Equipment 

C a t a l y s t  
Rege nera t ion 

I some r i za t ion 
catalyst 

A l k y l a t ion--C l e a n i ng 
Equipment 

Evapora t ion , Leaks , Sp i l l s- ­
A l l  Process Ope r a t ions 

Combu s t ion- - F la r i ng 

Treating- -Catalyst 
Rege nerat ion 

Co o l i ng Towe rs--S team 

A l l  Proc e s s  
Ope r a t ions 

C o ntro l Proc e s s e s  

Di s pe r s e  
I nc i nerate , F l are 

Re cover and Convert to S u l f ur 

D i spe rse 
S c r ub 

Convert to S u l f ur 

Mod i fy Combu s t io n , T r e a t  F l ue 
Gas and Exhaust 

I nc i nerate , F lare , M i n i m i z e  
Lo s s e s , Opt i m i z e  Ope r a t ions 

Di spe rse , Purge , 
Vent i la te , F la r e  

I n c i ne r a te 
F l a r e  

Neut r a l i z e  

I n c i nerate , Adsorb , Absorb , 
N e u t r a l i ze , Ox i d i ze , Mask 

Control Combu s t i o n  

C y c l o n e  Sepa r a to rs ,  
E l e c trosta t i c  P r e c i p i t a tors 

F i l te r s  and Sc rubbe r s , 
D i s pe r s e  

Equipmen t  D e s i gn 
Mu f f l i n g  

S c r e e n i n g  

SOURCE : Ame r ican Pe tro l eum I n s t i tute , " A tmosphe r i c Emi s s ions , "  M a n u a l  on D i spos a l  o f  

R e f i n e ry Waste s , 1 9 7 7 .  
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TABLE 3 5  

Potential Sour c es of 
Ref inery Emi ss ions of Sul fur Compounds 

Ref inery Sourc e  

Combustion 
Bo i l ers and Process Heaters 
Catalyst Regenerat ion 
Flares 
Decoki ng 
Inci nerators 

Convers ion Proc e s s es 
Di s t i l lati on 
crack i ng 

Catalyt i c 
Thermal 

Coki ng 
Delayed 
Fluid 

Hydro crack i ng 
Hydrodesulfur i zat ion 
catalyt i c  Reforming 

Treating 
Sulfur Recovery 
Sour Gas Tr eating 
Regenerating Spent So lutions 
str ipping Sour Condensates 
Sulfur Dioxide Extraction 
Sulfur i c  Acid 

Alkylation 
Treating 
Recovery 

Air Blowing 
Ana erobic Digestion 

Miscel laneous 
sour Crude and Product Tanks 
Purging 
Leaks and Spi l l s 
Rel i e f  Val ves 
Pumps and Compr essors 

Type of Sul fur Compound Emitted 
Sulfur Mercaptans/ 

D ioxi de/ 
Trioxide 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Hydrogen 
Sul f i de 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Or ganic 
Sul f ides 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

S OURCE : American Petro l eum Inst itut e ,  " Atmo spheric Emi s s ions , "  
Manual on Disposal of Refinery Wastes , 1 9 7 7 .  
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we ights . The r e fo re , a typ i c a l  sul f ur recov e ry s ys tem emp l oy s  the 
fol lowing s teps : 

• Removal o f  norma l l y  ga seou s H 2 S and me t h y l  me rcaptans 
by d i s t i l l a t i o n  

• Co nv e r s ion o f  l iq u i d  s u l f ur compound s to g a se s by s uc h  
proce s se s  a s  crack i ng , cok ing , re form i ng , a nd c a ta l y t i c  
d e s ul f ur i z a t io n  wi th hyd roge n  

• Re cov e ry o f  t h e  g a seous s u l f ur compound s from t h e  t a i l  g a s  
s tr e ams o f  t h e  conve r s ion and wa s te t re a t i ng un i t s 

• Conve r s ion o f  the recovered s u l f ur compo und s to s u l f ur . 

Recovery o f  H 2 S and l igh t me rcaptan s f rom t h e  g a se s c a n  be 
accompl i shed by a v a r i e ty of h e a t  reg en e r a t i v e  me thod s . Th e r aw 
gas i s  s c r ubbed w i th am i n e , s u l f i no l , or phos ph a t e , a l l  o f  wh i c h  
absorb H 2S a t  l ow tempe r a t ur e s . Th e r i ch absorbe n t  so l u t ion i s  
regenera ted by rebo i l i ng a n d  r e t urned t o  t h e  a b s o rbe r . The conce n­
tra ted H 2 S is fed to the s ul f ur re covery pl an t . 

2 . S u l f u r  Re cove ry P l a n t  

Th e s u l f u r  recov e ry p l a n t  ut i l i ze s  a s  f e ed t h e  conc e n t r a te d  g a s  
s treams f rom the reco ve ry un i t  and the sour wa t e r  s tr ippe r s  u s u a l l y  
l oc ated i n  the wa s te t r e a tment  sec t io n . Th e s u l f ur r e covery pl an t  
converts H 2S to e l emen t a l  s u l f ur . 

The mos t  c ommo n l y  u s ed s u l f ur recovery me t hod i s  the  C l a u s  pro­
c e s s  ( F ig ure 4 9 ) . In t h i s  proce s s , o ne- t h i rd o f  the H 2 S i n  the 
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F i g u re 49.  C laus S u lfu r  Recovery U n i t .  
NOTE: The legend appears on Fig u re 2 7 .  
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f e ed i s  b urned t o  S 0 2 a t  abou t 1 , 8 0 0 ° F  i n  a s u l f ur bo i l e r  t ha t 
recov e r s  8 0  p e r c e n t  o f  the ove r a l l he a t  o f  re ac t io n s  by g en e r a t i ng 
s t e am . The re s ul t i ng m i x t ur e  o f  four par t s  H 2 S to t wo p a r t s  
S02 f o rms s ul f ur b y  t h e  C l a u s  r e a c t ion : 

Th e r e a c t ion i s  c ar r ied to comp l e t io n  i n  a se r ie s  o f  c a ta l y t i c  
conve r t e r s  w i t h  bed s o f  b a ux i te o r  a l um i n a  a t  4 0 0 t o  5 0 0 ° F .  S u l f u r  
i s  cond ensed and removed a f te r  the bo i l er and e a c h  conv e r te r . Wi th 
a concen tra ted f e e d , ove r a l l  conve r s ion i s  abou t 9 2  p e r c e n t  w i th 
two c a t a l yt i c  s t ag e s , 9 2  t o  9 5  p e r c e n t  w i th three s tag e s , a nd 9 6  to 
9 7  percent with four s t age s . The ma j or i ty o f  the  rema i n i ng s u l f u r 
i s  removed by the ta i l  g a s  trea t i ng pl an t . 

3 .  C l a u s  Ta i l  Gas Treatme n t  

The compo s i t i o n s  o f  typi c a l  C l au s  ta i l  g a se s f a l l i n  t h e  rang e s  
shown i n  Tabl e 3 6 .  I f  a l l  the se s u l f ur compo und s are  converted to 
S02 by i nc i n e r a t i o n , t he t a i l  gas w i l l  conta i n  up to 1 5 , 0 0 0 p a r t s  
pe r m i l l i o n  ( ppm ) o f  s o 2 . I f  t h i s  q u a l i ty i s  no t acceptabl e ,  a 
n umber o f  propr i e tary proc e s s e s  have b e e n  deve l oped to l im i t  t he 
s u l f ur con t e n t  o f  C l a u s  ta i l  g a se s to acceptable  l e v e l s .  I t  i s  
charac te r i s t i c  o f  these proce s s e s  that the c a p i t a l  and ope r a t i ng 
cos t s  vary i nver s e l y  w i th the a l l owab l e  s u l f u r c o n te n t  o f  t a i l  g a s  
d i scharged t o  t h e  a i r . To ach ieve S02 conce n tr a t ions  be l ow 5 0 0  
ppm , the  c ap i ta l  cos t i s  a t  l e a s t  a s  g r e a t  a s  tha t o f  the  s u l f u r  
p l a n t  to wh i ch i t  i s  a tt ac hed . Fu r th e r ,  the  ope r a t i ng cos t s  o f  a l l  
the proce s s e s  g re a t l y  e x c e ed the  va l u e  o f  the  s u l f ur recovere d . 

TABLE 3 6  

Typical Range o f  Compo s ition 
of Claus Plant Tai l Gas 

Compos ition Range 
Component (ppm ) ( Dry Basis ) 

Hydro gen Sulf ide 5 , 0 0 0  t o  1 2 , 0 0 0  

Sulfur Dioxide 2 , 5 0 0  t o  6 , 0 0 0  

Carbon Di sulf ide 3 0 0  t o  5 , 0 0 0  

Carbonyl Sulf ide 3 0 0  t o  5 , 0 0 0  

Sulfur ( Vapor ) 1 0 0  t o  2 0 0  

SOURCE : Amer ican Petrol eum Institut e , "Atmospheric Emi s s i ons , "  
Manual on D i sposal of Ref i n ery Wastes , 1 9 7 7 .  
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Nume rous proce s se s  are ava i l ab l e  to tre a t  ta i l  g a s  f rom the 
C l au s  s u l f ur r ecove ry un i t . Th ey are  d iv i d ed i n to r ed uc t i o n  and 
o x id a t ion proce s se s . Both type s h ave been u s ed s uc ce s s f ul ly in r e ­
f inery ope r a t ions ; t he cho i c e  d e pe nd s upo n the ta i l  g a s  c ompo s i t i o n  
and proce s s  e co nomi c s . Red u c t ion proc e s s e s  convert s u l f u r  com­
pound s to H 2S .  Dur i ng the o x i d a t ion proce s s , the s u l f u r  recovery 
ta i l  g a s  is i nc i n e r a ted to conve r t  a l l  s ul f ur compo unds  t o  s o 2 . 
The ho t f l ue g a se s are  then s e n t  to an absorber whe r e  the S 02 i s  
absorbed w i t h  a so l u t ion o f  sod i um s u l f i t e . The c l e a n  g a s  con ta i n s  
very s l i g h t  conce n tra t ions  o f  s u l fur compound s a n d  c a n  b e  r e l e a se d  
t o  the a tmos phere . The Be avo n-Stret ford ( F i g u r e  5 0 ) a nd the SCOT 
{ F ig ure 5 1 ) proce s s e s are e x amp l e s  o f  the r e d uc t i o n  proce s s , a nd 
the We l lma n-Lord ( F ig ur e  5 2 ) proc e s s  i s  a n  e x ampl e o f  t h e  o x id a­
t ion proc e s s : 

• Th e Be avon-S tre tford pro c e s s  emp l oy s  a r e a c to r  c on t a i n i ng 
coba l t  mo l ybd a te to conve r t  the s u l f ur c ompo und s i n  the 
Claus t a i l  g a s  to H 2S .  Su l f ur , S02 , a nd mercaptans are 
hyd rogena ted by hyd rog en i n  the f e e d , wh i c h  is  s uppl i e d  by 
the wa ter/g a s  reac t io n  w i th feed C O .  Carbon d i s ul f id e  
( C S 2 ) and c a rbonyl s u l f id e  ( CO S ) are h yd ro ly z e d  by wa t e r  
i n  the feed  t o  re s id ua l s  o f  a b o u t  2 5  p pm e a c h . Th e r e ac-
t ions  i nvol ved are : 

s + H 2 H 2S 

s o2 + 3H 2 H 2S + 2 H 20 

C H 3S H  + H 2 H 2S + C H 4 

CO + H 20 H 2 + C 0 2 

c s 2 + 2H 20 2 H 2S + C 0 2 

cos + H 20 H 2S + C 0 2 

The Beavo n-Stre t fo rd proce s s  y i e l d s  a ta i l  g a s  con ta i n ing 
l e s s  than 2 0 0  ppm o f  s u l f u r  c ompo und s a f t e r  i n c i ne r a t i o n . 
I t  i s  no t s e n s i t ive to C 0 2 i n  the f e e d  ( se e  F i g ur e  5 0 ) .  

• In the SCOT p ro c e s s  the ta i l  g a s  i s  red uced t o  H 2S by 
hyd rog e n a t i o n  ove r a cobal t/mo l ybde num c a t a l y s t  at about 
5 7 0 ° F .  The H 2S is  coo l ed , abso rbed i n  a n  a l ka no l am i n e  
so l u t ion , u s ua l l y mono- o r  d i-e thano l am i ne o r  d i­
i sopropano l am i n e , wh ich i s  regenera ted by r e bo i l i n g . 
The H2 S re l e a s e d  i s  returned to the Cl a u s  u n i t  f e ed . 

Typ i c a l l y  the absorber t a i l  g a s  conta i n s  2 0 0  t o  5 0 0 ppm o f  
H 2 S and i t  i s  inc ine rated be fore re l e as e . A s  the absorb­
i ng so l u t ion wi l l  coabsorb 2 0  to 3 0  p e r c e n t  o f  the C 02 i n  
the C l a u s  ta i l  gas , a bu i l d up o f  C 02 c a n  o c c u r  i f  the 
in i t i a l  conce n trat ion e x ceed s 20 p e r c e n t  ( s ee F i g ure 5 1 ) . 

• In the We l lman-Lord pro ce s s  the ta i l  g a s  i s  i n c i n e r ated and 
th e S 0 2 absorbed in sod i um s u l f i t e  ( Na 2S 03 ) to f o rm 
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sod i um hyd ro s ul f i te ( 2NaHS03 ) .  Th e absorb ing so l u t i o n  i s  
regenera ted i n  a n  eva pora to r-crys t a l l i ze r ,  wh i c h  r e t urns  the 
freed S0 2 to the Cl aus  pl an t .  Th e reac t i o n s  are : 

---• 2NaHS0 3 

2NaHS0 3 
H e a t  

2Na 2S 03 + s o3 ------

A p urge s t ream i s  requ i red to control the conc e n t r a t i o n  o f  
sod i um s u l f a t e . Th i s  proce s s  can y i e ld a t a i l  g a s  c o n t a i n­
i ng l e s s  than 2 0 0 ppm of S02 . It i s  not s e n s i t ive to 
C02 ( se e  F i g ur e  5 2 ) .  

C .  Sources o f  NOx 

As re f i nery con tr i bu t ions  o f  chem i ca l  NOx are n eg l i g i b l e , 
f urther d i sc u s s ion wi l l  be co n f ined to NOx from c ombu s t i o n . 
Exhau s t  and f l ue g a s e s  from combu s t ion u s u a l l y  are  c o l o r l e s s  and 
compo sed ma i n ly o f  n i t rous o x i d e  ( NO )  at conc e n t r a t i o n s  be low 0 . 1  
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percen t . Two types o f  N Ox prod uced by comb u s t ion are  d i s c u s s e d  
b e l ow . 

Th e rmal NOx i s  produced by the f i x a t ion o f  a tmos phe r i c  n i t �o­
gen in the f l ame a c cord i ng to the r e a c t ion : 

Th i s  r e a c t ion proc e e d s  to a l ev e l  o f  NO t h a t depends  upo n  var i able s 
s uch as  the tempe r a t ur e , pres s ur e , conc e n t r a t io n s , a nd r a te s o f  g a s  
f low t h rough d i f f e r e n t  zone s w i th i n the f l ame . K i ne t i c s t ud i e s  o f  
the comb u s t ion proce s s  i nd i c ate that oxyg e n  a toms and n i t rog e n  
a toms are formed a s  an e s s e n t i a l  p a r t  o f  cha i n  re a c t ions i nvolve d : 

0 + N 2 -;::::==� NO + N 

N + 02 �==� NO + 0 

Ove ra l l , t he ma i n  f a c to r s  i n  the rm a l  NO a nd N02 f o rma t io n  
d e r ived f rom i t  a r e  f l ame temperat ure , t h e  l e n g t h  o f  t ime t h e  
combus t io n  g a se s a r e  ma i n t a ined a t  h ig h  tempe r a t ur e , c om bu s t io n  
pre s s ure , a nd t h e  amo u n t  o f  e x ce s s  oxygen pre s en t . There fore , i n  
t he combu s t ion o f  n a t ur al g a s , wh i c h  i s  v i r t ua l ly f r e e  o f  bound 
n i t rogen , the q u an t i t ie s  of NOx prod uced in the  a b s e n c e  o f  
s pe c i a l  contro l s  may e x ceed 1 , 0 0 0  ppm i n  f l ue g a se s f rom l ar g e  
e l e c tr i c  u t i l i t y  bo i l e r s . Th i s  f a c t  ind i c a t e s  c l e a r ly t h a t  h ig h  
tempe ra ture f i x a t io n  o f  a tmos ph e r i c  n i trog e n  o c c u r s . 

Fue l  NOx i s  d u e  to the ox i d a t ion o f  a po r t i o n  o f  the n i trog e n  
c omb ined i n  the f ue l . Th i s  chem i c a l l y  bound n i t ro g e n  re a c t s  w i t h  
oxyg e n  much more r e ad i l y  than the mo l e c u l ar n i trog e n  s upp l i e d  w i th 
the c ombu s t ion a i r . Howeve r ,  the  bound n i t rog e n  g oe s ma i n ly t o  
mol e c u l ar n i trog e n  a n d  only partly to NOx em i s s i o n s . NOx i s  
fo rmed a t  a h ig h e r  r a t e  v ia the  ox i d a t ion o f  f u e l  n i t rog e n  t h a n  
through t he reac t io n  o f  o xyg en wi th mol e c u l a r  n i troge n . The r o l e  
of  f ue l  n i trog e n  con t e n t  h a s  b e e n  s t ud i ed i n  l abo r a to ry f u e l  o i l  
c ombu s t i o n  expe r ime n t s , wh i c h  ind i c a te t h a t  NOx f o rmed by the  
ox i d a t ion o f  fuel  n i trogen is  r e l a t i ve l y  una f fe c t ed by c h a ng e s  i n  
combu s t i o n  cond i t i o n s . 

Bo th thermal and f ue l  NOx may be prod uced i n  r e f i n er ie s . Th e 
m a j o r  so urce s are s hown i n  Ta b l e  3 7 .  

D .  Control o f  NOx Em i s s ions 

1 .  NOx Em i s s ion Fac tors 

Emi s s ion f a c to r s  can be o f  va l ue in a s se s s i ng the probl ems o f  
c on trol l i ng NOx · They m u s t  be used w i th c a u t i o n , howe ve r , be­
c a u s e  o f  the  fol lo w i ng var i a b l e s  e nco untered : 

• The type o f  f ue l  used i n  c ombu s t ion h a s  a be a r i ng both on 
the prod u c t io n  of NOx and on the e a s e  o f  contro l l i ng i t . 

• Combu s t i o n  un i t s ope r a t ing under  re l a t i v e l y  m i ld cond i t io n s  
g ive an exha u s t g a s  con ta i n i ng o n l y  sma l l  amo u n t s  o f  N Ox 
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TABLE 3 7  

Ref inery Sources of NOx from C ombustion 

Classification Sour c e  Thermal NOx Fuel NOx 

High Power Bo i lers Firing 
Temperatur e Gas Pr es ent Po s s ib l e  

Power Bo ilers Firi n g  
Oi l Pr es ent Pr es ent 

Power Bo i l ers Fir i n g  
Coal Pr es ent Str ong 

Internal Engi nes Pr es ent Un likely 
Combustion Turbines Strong Pos s ible 

Mo derate Carbon Monoxide Bo i l ers Pr es ent Pr es ent 
Temperatur e Coke and Res idua l Fue ls Pr es ent Pr es ent 

Catalyst Regeneration Un likely Pr es ent 
Incineration Pr es ent Pr es ent 

Proc ess Heating 
Gas Cracking Pr es ent Pos s ibl e 
Oil Cracki ng Un likely Po s s ib l e  
Oi l Heating Unl ikely Pos s ible 

SOURCE : Amer ican Petro l eum Ins titut e ,  " Atmospheric Emi s s ions , "  Manual 
on D i sposal of Ref inery Wastes , 1 9 7 7 .  

( s uc h  a s  1 0  ppm o r  l e s s  formed i n  a typ i c a l  d ome s t i c  g a s­
f ired wa t e r  h e a t e r ) .  Th i s  range r i se s  rap id l y  w i t h  c ombu s ­
t io n  tempe r at ur e  due t o  thermal NOx a n d  may r e ac h  1 , 5 0 0  
ppm o r  mor e . 

• There i s  a l so much uncer ta i n ty i n  the  l i t e r a t ur e  a s  to t he 
re l i ab i l i ty o f  me a s ur eme n t s  o f  NOx made by d i f fe r e n t  
me t hod s over a per iod o f  ye ar s . 

Pe t ro l e um re f i n i ng i s  a m i nor fac tor i n  t h e  ind u s t r y  c om b u s t i on 
s egme n t , amoun t i ng to an e s t ima ted 1 . 5  p e r c e n t o f  NOx em i s s i o n s  
f rom s ta t iona ry sourc e s  ( se e  F i g ur e  4 7 ) .  

2 .  Control Me thod s 

Th e pro b l em s  o f  contro l l i ng NOx em i s s i o n s  f rom comb u s t ion 
so urce s are  much mor e  compl e x  than tho s e  e ncoun tered  w i th S Ox · 
Due to the f i x a t i o n  o f  a tmosph e r i c  n i trog e n  a s  t h e rm a l  NOx , e ven 
the comple te r emoval  o f  n i t rogen f rom the f ue l  w i l l  no t re s u l t  in 
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a f l ue g a s  free  from NOx · Th ere fore , i t  may b e  n e c e s s a ry t o  u s e  
c omb ina t ions o f  t h e  f o l l ow i ng three ba s i c proce s se s , wh i c h  are  
ava i l a b l e  to  control NOx f rom combu s t io n : 

• Us e of  a f ue l  o f  l ow n i trog e n  conte n t  to r e d u c e  fo rma t io n  o f  
f ue l  NOx 

• Ad j us tmen t o f  c omb u s t ion cond i t ions to m i n im i ze t he 
prod uc t io n  o f  t h e rmal NOx 

• Tr e a tmen t  o f  the c ombu s t io n  prod u c t s  t o  remove NOx . 

The se cond me thod o f fe r s  the mos t  imme d i a te prom i se o f  s uc c e s s  
a t  l owe r c os t . H igh f l ame tempera t ure and h i g h  e x ce s s  a i r h ave 
b e e n  bu i l t  i n to many i n d u s t r i a l  combu s t io n  proc e s se s to avo id con­
tamina t ion f rom smoke , c a rbon monox ide , and unburn ed h yd ro c a rbon s . 
Such pro c e s s e s  ope r ate a t  h i g h  therma l e f f i c i e ncy , b u t  t h e y  a l so 
con tr i b u te to h igh t h e rma l NOx forma t ion . Th u s , c omb u s t i on 
con tro l s  tha t move away f r om pe ak f l ame tempe r a t u r e s  w i l l  l ower 
t h e rma l NOx · The con t ro l s  mu s t  be care f ul ly e n g i ne er e d  and wel l 
s upe rv i sed , howeve r ,  t o  avo id the o the r f o rm s  o f  a i r po l l u t i o n . 
Con tro l proce s s e s  mee t i ng t he s e  r eq u ir eme n t s  have b e e n d e v e l oped 
f o r  appl i c a t ion to the f o l l ow i ng : 

• Oi l - a nd g a s - f i r ed bo i l e r s  t h a t  r e s po nd to s u c h  mod i f i c a­
t io n s  a s  l ow e x ce s s  a i r  a nd s econd s tage c om bu s t io n . 
( Th e se bo i l er s  are d e s ig ned to l owe r the  e f fe c t iv e  f l ame 
tempera t ure and l im i t ava i l ab l e  oxygen . )  

• Re c i proc a t i ng i n ternal  c ombus t ion e ng i n e s a nd t urb i ne s , 
wh i ch re s po nd to ma ny o f  the me thod s d ev e l oped to control  
a u t omo t ive e xh a u s t  emi s s ion s .  

F in a l ly , a n umber o f  tre a tmen t  proce s s e s  are  ava i l a b l e  to r e­
d uc e  the NOx conten t s  o f  exhau s t s  and f l ue g a se s .  At p r e se n t , 
h igh co s t s  l im i t the i r  appl i ca t io n . 

E .  Sources o f  Hyd rocarbon Em i s s ions 

The po ten t i a l  so urce s o f  h yd roc arbon emi s s i o n s  i n  a re f i n e ry 
i nc l ude f i xed roo f  s to rag e tanks , l oad i ng ope r a t i o ns , o i l /wa t e r  
separator s , r e l ie f  v a l ve s , blowd own s tacks , a s ph a l t  o x id i z i ng p umps 
a nd compr e s so r s , v a c u um d i s t i l l a t ion , v e n t s , s e we r s , c oo l i ng 
towe r s , f urnac e s , and s ampl ing . 

F .  Control o f  Hyd rocarbon Emi s s ions 

1 .  F l a re s  

Re f i nery f l ar e s  are  spe c ia l  burne r s  u s e d  to d e s t roy u n av o i d a b l e  
emi s s ions o f  h yd roc a rbon a nd o t h e r  c om bu s t i b l e  g a se s .  I t  i s  n e ce s ­
s ary to burn s u c h  g a s e s  i n  o rd e r  to prev e n t  d e l e te r i o u s  e f fe c t s  o n  
peopl e , an ima l s , a n d  p l a n t s  and to comply wi t h  f ed e ra l , s t a t e , and 
mun i c ipal reg u l a t ions . 
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Th e r e f i ne ry f l are m u s t  be capa b l e  o f  hand l ing v e ry l arge re­
lease s o f  hyd roc arbon s tha t e x ceed the capac i t y  of  the  s ys tem fo r 
control and re cov e ry . Suc h  r e l e a s e s  can o c c u r  i n  eme rg e c ie s  re­
s u l t i ng f rom the f a i l ur e  o f  equi pme n t  or f rom f i re s . A d e ta i l e d  
d i s c u s s ion of  f l are ope r a t ions i s  con t a i ned i n  t h e  I n d u s try Ope r a­
t ions sec t ion o f  th i s  chapte r . 

2 .  S torage Tanks 

The emi s s io n  control techno logy for s torage  tanks i s  d e s c r i be d  
i n  Ch apte r Fo ur . 

3 .  Pr imary Grav i ty S eparators 

Th e pr imary g rav i ty sed ime n t a t i o n  d ev i ce emp l oyed to separate 
o i l  f rom wa s te wa te r  i s  norma l ly an AP I separa to r . In  the  proce s s  
o f  sed ime n ta t ion , o i l con t a i n ed i n  the wa s tewa t e r  r i s e s to the top 
of the separa to r and , i f  the area i s  uncovered , evapor a t i o n  o c c u r s  
and hyd rocarbon vapo r s  are  emi tted . 

Th e r e  are two b a s i c  me thod s o f  em i s s i o n  contro l . Th e f i r s t  
i nvol ve s  d e s ign mod i f i c a t ion s to and s u i tabl e ma i n te n a n c e  o f  th e 
wa s tewa te r col l e c t ion sys tem upstream of the separator to red u c e  
t h e  to tal  amoun t o f  o i l . The s econd me t hod i nv o l ve s  cove r i ng th e 
s epar a to r , u t i l i z ing e i ther a f i xed or a f l oa t i ng cove r . 

4 .  Leakage 

Th e pr i n c ipal control of  equ i pmen t  l e akag e f rom v a l ve s , 
f l ange s , ve s s e l d r a i n s , and p ump d r i p s  i s  a p e r i od i c  i n s p e c t ion and 
ma i n tenance prog ram . 

5 .  Furnaces  

A con s id e r a b l e  s e r ie s o f  te s t s  i n  the f i e ld ind i c a te d  that  
b urner emi s s ions we re i n s ign i f i c a n t  and  we re a l l  in  c o nc e n t r a t ions 
less  than 1 0 0  ppm , i nc l ud i ng s ampl e s  taken f r om t he f i r s t  few 
second s o f  opera t ion . Und e r  more norma l b ur n i ng cond i t ion s the  
c once n tr a t ion o f  hyd rocarbons , a ldehyd e s , a nd org a n i c  ac id s in  the 
gaseous emi s s ions prod u c t s  doe s no t u s ua l ly e x c e e d  2 0 ppm when 
bur n i ng No . 6 f ue l  o i l . Us ua l l y  the se em i s s io n s  c an no t  b e  m e a s ured 
by quan t i ta t ive techn ique s now ava i l abl e . 

Be cause hyd rocarbon em i s s ions from th i s  s o u r c e  are  so l ow ( i n 
mos t  c a se s b e l ow the range o f  ava i l ab l e  quan t i ta t ive me a s ur i ng 
techn ique s )  the only me thod of  control i s  g ood ma i n te nance  o f  the  
b urners . 

6 .  Coo l i ng Towe rs 

I f  the coo l ing wa t e r  is  o i l  con t am i n a ted , no prac t i c a l  me t hod 
o f  hyd roca rbon em i s s io n  con trol i s  ava i l ab l e . The r e fo re , e f fo r t s  
a r e  d i rec ted t o  i n s pe c t ion and d e te c t io n  o f  l e aks a n d  ma i n tenance 
as  and if  requ i red . 
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7 .  Pre s s u r e  Re l ie f  Va lve s 

Pr e s s ur e  re l ie f  sys tems are req u i red to pro te c t  r e f i ne r y  pro­
c e s s  equ i pmen t  aga i n s t  exce s s ive pre s s ure s c a u s ed b y  f i re s , acc i ­
d e n t s , and  proc e s s  up s e t s . They cons i s t  o f  pr e s s ur e  r e l i e f  v a l v e s  
f o r  l iq u id s  and s a fe t y  v a l ve s  f o r  g a se s .  The s e  v a l ve s may be 
s pr i ng l oad ed , p i l o t  ope rated , or we i g h t  l o ad ed , b u t  a l l  a r e  
d e s igned t o  open a t  a pre s s ure se t t o  pro te c t  t h e  ve s s e l  and t o  
c lose whe n  rel i e f  i s  obta i ned . Co n trol o f  the s e  em i s s io n s  may b e  
obta ined b y  m i n imi z i ng l e akage o r  by u s i ng c l o s e d  r e l i e f  s y s tems . 

8 .  Va cuum D i s t i l l a t ion 

He avy o i l s  bo i l i ng at tempe r a t ur e s  up to abou t 1 , 0 5 0 ° F  are d i s­
t i l l ed f r om crud e o i l  re s id ue s  und e r  red uced pre s s ur e  i n  v a c u um 
tower s .  The very l ow pre s s ure i s  ma i n ta i n e d  by s te am-ac t u a te d  
v a c u um j e t s fo l lowed b y  s ur f ace cond e n se r s . 

Some crack i ng o c c u r s  d u r i ng d i s t i l l a t i o n , prod uc ing noncon­
d e n s ab l e  decompos i t ion prod uc t s . Emi s s ion r a t e s  d e pe nd upon th e 
feed s to ck and ope r a t ing cond i t ions . As they o f te n  have very f o u l  
odor s , the s e  g a s e s  are u s u a l l y  b urned i n  one o f  t h e  un i t  f urnace s . 

9 .  C a ta l y s t  Regene r a t ion 

F ixed b e d s  o f  c a t a l y s t s  are empl oyed in  c a t a l y t i c  re form i n g , 
h yd roc rack i ng , a nd d e s ul f ur i z i ng . In the s e  proce s se s , r eg en e r a t i o n  
i s  r e l a t i ve l y  i n frequent  a n d  t h e  bed s  a r e  p urged o f  l ig h t  h yd r o­
c arbons to a c losed sys t em be fore burn i ng . Th u s , e m i s s i o n s  t o  the 
a tmos phere u s u a l l y  are n eg l ig i bl e . 

Mov i ng bed s o f  c a t a l y s t s  are used i n  c rack i ng by bo t h  the f l u id 
c a talyt i c  c rack i ng and The rmof o r  c a ta l y t i c  c rack i ng proce s s e s . In 
both type s , the s pen t c a talys t i s  r emoved c on t i n uo u s l y  f rom the 
reactor , b u r ned i n  a separate reg enerato r , and  r e t ur ned to the 
reac tor w i t h  the f re sh f e e d . Wh i l e  the conc e n tra t i o n s  of unb urned 
hyd roc arbons i n  the wa s t e  g a s e s  are  l ow , the quan t i t i e s  o f  wa s t e  
g a se s are v e r y  l a rg e . C O  wa s te he a t  bo i l e r s  are  c ommo n l y  u s ed t o  
control hyd roc a rbon and C O  em i s s ions wh i l e  r e c ove r ing wa s te he a t . 
Ho t regenera t ion opera t ion i s  a l so c ommonly u s ed to con t r o l  CO 
em i s s ions . 

1 0 .  Aspha l t  O x id i z i ng 

In the prod u c t ion o f  h ig h  qua l i ty a spha l t s  f o r  appl i c a t io n s  
s uch a s  roof i ng , t h e  c r ud e o i l  va cuum s t i l l  a spha l t i c re s id mus t  be 
f ur ther r e f ined to the d e s i red cons i s te ncy . Th i s  i s  accomp l i sh e d  
b y  a i r  blowing a t  e l eva t ed tempe ra t ure s ,  u s u a l l y  3 5 0  t o  5 0 0 ° F ,  
wh i ch remov e s  any r e s id u a l  g a s  o i l and po lymer i z e s the a spha l t .  
The re s u l ta n t  e xha u s t  a i r  con t a i n s  h yd roc a rbon s and aerosol s .  
Em i s s i o n s  from a i r  b l ow i ng may b e  red uced by v a po r  sc rub b i ng , v apo r 
i nc i n e r a t ion , o r  a c omb ina t ion o f  bo th . 

2 7 0  



1 1 .  Pumps and Compre s sors 

The mo s t  common type s o f  re f i n e ry p umps are  c e n tr i f ug a l  a nd r e­
c iproc a t i ng . Le akage l o s se s  occur on the s e  pump s wh ere the d r iv ing 
sha f t  pa s se s  through the p ump c a s ing . The s e  e m i s s i o n s  i nc l ud e  no n­
vol a t i l e  as we l l  as vol a t i l e  prod u c t s . In r e f i n e ry appl i c a t ions , 
the p ump s ha f t  l e akage i s  u s u a l ly contro l l e d  w i t h  a p a cked se a l  o r  
a mechan ical se al . 

Fur the r red uc t io n s  i n  em i s s i o n s  f rom p umps and compre s so r s  c a n  
be ach i eved by d u a l  me c h an i c a l  s e a l s , s econd a ry l i qu id s e a l s , o r  a 
convent ional vapo r recovery sys tem . 

G .  Sources o f  Odor Em i s s ions 

The prod uc t s , by-prod uc t s ,  a nd wa s t e s  from p e t r o l e um ope r a t io n s  
repre s e n t  h und red s o f  organ ic c ompo und s ,  many o f  wh i c h  h ave s ome 
odor po te n t i al . Spe c i f i c odoro u s  compo und s prod u c ing obno x i o u s  
odo r s  i n c l ud e  pheno l i c  c ompo und s ,  l ow-mo l e c u l a r-we i g h t  a ld e h yde s 
and ke to ne s , ammon i a , a nd s u c h  sul f ur c ompo und s a s  H 2S ,  m e r c ap­
tans , and organ i c  s u l f id e s  and d i s u l f id e s . 

H .  Con trol o f  Odor Em i s s ions 

The mo s t  s ucce s s f ul a nd e conom i c  me t hod s of con t rol l i ng re f i n­
e ry odors are � e l im i n a t i ng them by mod i f i c a t i o n s  to the proc e s s  o r  
ope ra t i ng proced ure s ,  and avo id i ng acc i d e n t a l  r e l e a se s by prov id ing 
good ho useke e p i ng and prope r ma i n te nance . Od or s  t h a t  cannot be 
e l imina ted by s uc h  me ans  are trea ted by the f o l l ow i ng techn i q ue s : 

• I n c i ne ra t i on i n  e i th e r  c a ta l y t i c  o r  d ir e c t-f i red i nc i n er a­
to rs i s  the mo s t  e f f e c t ive me ans  o f  d i spo s i ng o f  odoro u s  
compounds w i th i n o f f e n s ive comb u s t ion prod uc t s . 

• Ad sorp t ion on a sol id ad sorbent s uc h  a s  a c t i v a ted c a rbon 
prov i d e s  re cove ry of t he odorous compou nd and reg e n e r a t i o n  
o f  the ad so rben t .  F i n a l  d i s po s a l  may b e  by s a l e  o r  
inc i n e r a t i o n . 

• Absorp t ion i n  a l iqu id that e i th e r  d i s s o l v e s  the odoro u s  
ma ter i a l  or r e a c t s  wi th i t  t o  form a s ta b l e  compo und . 
No rmal ly the absorb i ng l i qu id i s  r e g e n e r a ted , r e l e a s i ng the 
concentrated odorou s compo und s for d i spo s a l . 

• Ne u tra l i z a t ion o f  ac id ic or a l kal i n e  g a s e s  c a n  be e f f e c te d  
b y  sc rubb i ng w i th s u i ta b l e  l iq u id s . Howe ve r ,  d i s po s a l  o f  
the aqueous wa s te s  c a n  pre s e n t  probl ems . 

• Chem i cal ox i d a t ion o f  odorous c ompo und s c a n  be ach i eved by 
s uc h  ox id i z i ng ma te r i al s a s  sod i um hypo ch l or i te or po ta s s i um 
pe rmangana te . 

I .  Sources o f  Par t i c u l a te Em i s s ions 

Par t i c ul a te emi s s ions from re f i n e ry ope r a t ion s are  pr imar i l y  
l im i ted to the o f f-g a s e s  from f l u id c a ta l y t i c  c rack ing and f l u id 
cok ing . 
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J .  Control o f  Par t i cu l ate Emi s s ions  

The pr i n c i p a l  re f i n e ry proce s s  un i t  s ub j ec t  to con trol o f  
p ar t i c u l a te s  i s  the f l u id bed c a ta l y t i c  cracke r . Pa r t i c u l a te s  a r e  
control l ed b y  an e l e c tro s ta t i c prec i p i ta to r , h ig h  e f f i c i en cy 
cyc lone s , d ry s c rubbe r s , we t sc rubbe r s , o r  bag ho u se s .  The mos t  
c ommo n l y  u s ed eq u i pmen t  i s  the e l e c tro s ta t i c  pre c i p i ta to r . 

The e l e c tro s ta t i c pre c i p i ta tor remove s par t i c ul a t e s  f rom g a s  
s tr e am s  b y  pas s i ng t he g a s  be twe en a pa i r  o f  e l e c trod e s  - - a d i s­
charge e l e c trod e a t  a h ig h  po ten t i a l  and an e l ec tr ic a l l y  g ro u nd e d  
col l e c t i ng e l e c trod e . Th e po te n t i al d i f fe r e n c e  m u s t  be g re a t  
e nough so t h a t  a corona d i scharge s urround s t h e  d i s c h arg e e l e c­
t rode . Und e r  the act ion o f  the e l e c tr i c a l  f i e l d , g a s  i o n s  f o rmed 
i n  the corona move rap id l y  toward the  c ol l e c t i ng e l e c t rod e and 
tran s f e r  the ir charg e to the par t i c l e s  by c ol l i s i o n  w i th t hem . Th e 
e l ec tr i c a l  f i e ld i n te r a c t i ng w i t h  the  charge on t he par t i c l e s  t he n  
c au s e s  them t o  m i g r a te towa rd , and b e  d e po s i te d  o n , the col l e c t i ng 
e l ec trod e . 

The d u s t  l ayer t h a t  forms on the c o l l e c t i ng e l e c t rod e i s  
r emoved by i n t e rm i t te n t  r app i ng tha t c a us e s the d e po s i t  to b re ak 
l oose f r om the e l e c trod e . In  e f fe c t ,  th i s  r e t ur n s  t h e  d u s t  to the  
g a s  s t r e am bu t not in  i t s o r i g inal  f i n e l y  d iv id e d  s t a te . As  a 
re s u l t  o f  cohe s ive f o rce s d eveloped among the  par t i c le s d e po s i te d  
o n  the e l e c trod e , t h e  d u s t  i s  r e tur ned a s  ag g l ome r a te s ,  wh i c h  a r e  
l a rge e nough f o r  g r av i ty t o  c a u s e  them t o  f a l l  i n t o  d us t  hopper s 
b e l ow the e l e c trod e s . Red u c ed to i t s  e s s e n t i a l s ,  t h e  e l e c t ro s ta t i c  
prec ip i ta tor ac t s  a s  a par t i c l e  agg l omerator c omb i ne d  w i t h  a 
g rav i ty s e t tl i ng cham be r . 

Th e e l ec tr i c al me chan i sms req u i red f o r  prec i p i ta t ion o f  
par t i c l e s  are ad d i t io n  o f  a n  e l ec tr ic a l  charge t o  the  par t i c le s , 
a nd appl i c a t ion o f  an e l e c tros tat i c  force tha t c a u s e s the c harg ed 
par t i c l e s  to m ig r a te toward the col l ec t i ng e l e c trod e .  In  the us ua l 
i nd us t r i a l  e l e c t ro s t a t i c  prec i p i t a to r s , both  a r e  s uppl ied s im u l ta­
neou s ly , and the  pre c i p i t a tor a c t s  as a s i ngl e - s tage un i t .  

WATE R 

I .  S tandards and Reg u l a t ions -- C l ean Wa t e r  Ac t 

Th e g e neral  prov i s ions  o f  the Cl ean Wa t e r  Ac t are d i sc u s se d  i n  
Chapt e r  One .  Th e reg u l a tory me chan i sm for e s t a b l i s h i ng spec i f i c  
d i scharge l im i ta t i o n s  for i nd iv i d u a l  d i scharg e r s  i s  throug h pro­
mulga t io n  of e f f l ue n t  g u id e l i ne s .  Th ey s e rve a s  g u i dance for d e ­
velopmen t  o f  s pe c i f i c l im i t a t i o n s  to be in corpo rated in  Na t ional  
Pol l u tant Di scharge El iminat ion Sys tem ( NP DE S )  pe rm i t s i s s ued t o  
ind i v id u a l  re f i n e r i e s . Ot h e r  prov i s io n s  o f  the C l ean Wa t e r  Ac t 
that  can impa c t  the  re f i n i ng indus t ry are tho s e  re l a t ing to o i l  
s p i l l s , wa ter qual i ty s tandard s , a requ i rement  to emp l oy Be s t  
Manageme n t  Pra c t i ce s ( BMP ) and , " . . .  t h e  nat ional  g o a l  tha t the  
d i scharg e  o f  po l l u ta n t s  i n to the nav i g a b l e  wa t e r s  to be e l iminated 
by 1 9 8 5 . . . .  " 
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A De c embe r  1 9 8 0  repor t by the Subcomm i t te e  o n  Ove r s i g h t  a nd 
Rev i ew o f  the Ho u s e  Comm i t t e e  on Pu b l i c  Wo rk s , e n t i t l ed I mp l eme n t a­
t ion o f  the Federal  W a t e r  Po l l u t ion Con t r o l  A c t , i s  a t horo ug h 
rev iew o f  prog r e s s  unde r  the Ac t as  o f  th a t  d a te . In pa r t i c u l ar , 
the probl ems and shor tcom i n g s  re l a t ing to t h e  Ac t ' s  imp l eme n t a t ion , 
many o f  wh i c h  impac t the re f i n ing i nd u s try , a re d i sc u s sed . 

A .  NPDES P e rm i ts 

Wi th pa s s ag e  o f  the Fe d e r a l  Wa ter Po l l u t io n  Co n t ro l  Ac t 
Ame ndme n t s  o f  1 9 7 2 ,  E PA e s t abl i shed the NPDE S permi t prog r am ,  wh i ch 
s upe rseded the  pr ior pe rm i t  req u i reme n t s  admi n i s te re d  by the  U . S .  
Army Co rps o f  Eng i ne e r s  und e r  the a u thor i t y  o f  t h e  Re f us e  Ac t o f  
1 8 9 9 . As a general  rul e , i n i t i a l  NPDES p e rm i ts i s s ue d  to ind iv i­
dual r e f iner i e s  con t a i ned i n t e r im l im i t a t i o n s  pend i ng d e ve lopmen t 
o f  Be s t  Pr ac t i c a b l e  Co n t rol Te chno l ogy ( B PT ) and Be s t  Av a i l ab l e  
Te chnology ( BAT ) l im i t a t ions a s  prov ided for i n  t h e  Ac t .  A s  o f  
year-e nd 1 9 8 1 ,  r e f i n e ry NPDES p e rm i t s  spe c i f ied  B PT l im i ta t i o n s  
wh i l e  B A T  l imi t a t ions  wer e  ye t to be f in a l i ze d . Be i ng a ma j o r­
i nd u s try , r e f i n e r i e s  we re among the f i r s t  to be i n c l ud e d  i n  the 
NPDES program . In add i t ion to spec i f i c l im i t a t i on s , s uch p e rm i t s  
con t a i n  many o th e r  req u i reme n t s , s uc h  a s  those f o r  mon i tor ing , 
record ke ep ing , a nd repo r t ing . 

Th e many prob l ems w i th the  NPDE S  perm i t  prog r am are h i g h l i g h t ed 
i n  the De cember 1 9 8 0  r epo r t  by the Subcomm i t t e e  o n  Ov e r s i g h t  and 
Re v i e w  o f  the  Hou s e  Comm i t tee on Pub l i c  Wo rk s . 9 Th e Subcomm i t te e  
notes there i n  t h a t the " . . .  N PDES perm i t prog ram i s  o n  the verge o f  
col lapse . . .  " i n  tha t t h e  prog r am requ ireme n t s  have overwh e l med bot h 
the reg u l a tors and the reg u l a ted commu n i ty . 

B .  Be s t  Pra c t i cable  Control Te chnology 

Th e Cl ean Wa t e r  Ac t spec i f i e s  that B PT r e q u i reme n t s  b e  im­
plemen ted by July l ,  1 9 7 7 .  Ef f l ue n t  l im i t a t i o n s  con t a i n ed i n  
i nd iv i d u a l  re f i n e ry N PDES perm i t s  are for the  mo s t  pa r t  d e ­
r i ved f rom e f f l ue n t  g u id e l ine s and s tandards  f o r  pe t r o l e um 
re f i n ing . l O , l l 

To arr iv e  a t  the  e f f l ue n t  l im i t a t ion g u i d e l i ne s , E PA a s s umed 
the i n s t a l l a t ion of c e r t a i n  type s o f  con t ro l  t e c h no logy , a long w i t h  
a long - t e rm e f f l ue n t  conc e n t r a t i o n  s a id to be a c h i e v a b l e  w i th s u c h  
technology , and a s s igned a s ta t i s t i c a l l y  d e r i v e d  wa s te wa te r  f l o w  
vol ume t o  al l r e f i ne r i e s  wi th i n  a ce r t a i n s u b c a te g ory . Gi ven t h e s e  
a s s ump t ions a l o n g  w i t h  ad j u s tmen t  f a c to r s  re l a t i ng to re f i n e ry com­
plex i ty and s i ze , a n  a l l owab l e  ma s s  d i sc h a r g e  f o r  e a c h  i n d iv i d u a l  
re f inery wi t h in the  i nd u s t ry wa s c a l c u l a te d . Fo r t h e  mo s t  par t , 
the i nd u s t ry f i nd s no f a u l t w i th the  B PT t r e a tm e n t  t e c hno l ogy 
e spou s ed or the ach i evable e f f l ue n t  concen t r a t io n s  a s s umed for t h a t  
t echnolog y . Howeve r ,  the  appl i c a t ion o f  the  s t a t i s t i c a l ly d e r i v e d  
f l o w  vol ume s t o  arr ive a t  the f i nal  l im i t a t i o n s  h a s  had , a nd i n  
some i n s tanc e s  con t i n u e s  to have , a se r io u s  impac t o n  re f i n e r i e s  
wi th a c t u a l  wa s tewa te r  f l o w  vol ume s s ig n i f i c a n t ly above those  
a s s umed . Another  aspe c t  o f  the perm i t l im i t s  d e r iv e d  f rom t he s e  
e f f l ue n t  g u id e l ine s t h a t  h a s  c a u s e d  some d i f f i c ul t y  and con t rove rsy 
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i s  the a s s ig ned v a r i ab i l i ty f a c to r s  used to d e r i v e  3 0 -d ay average 
and one d a y  max imum l im i t a t ions f rom the l o n g - te rm a c h i ev a b l e  e f­
f l u e n t  conce n t r a t ions  re f e rred to e a r l i e r . 

Fo r purpo s e s  o f  e s t a b l i s h i ng BPT l im i ta t io n s , E PA d iv id ed the 
re f i n i ng i n d u s try i n to f i ve s ubc a tegor i e s . The s e  s ub c a tegor i e s  and 
the s t a t i s t i c a l ly d e r iv e d  wa s tewa ter f l ow vol ume s a s s i g ned to e a c h  
a r e  l i s ted i n  Tab l e  3 8 .  The trea tme n t  te chnolog i e s  f o r  BPT 
l im i t a t ions i n c l ud ed both in-pl an t and end -o f-p i pe te chno l og y . l 2  

BPT i n-pl an t tech no l ogy wa s based on control prac t i c e s  w i d e l y  
u s e d  wi th i n  t h e  pe trol e um re f i n i ng i nd u s t ry , and i n c l ud e  the 
fol low i ng : 

• In s t a l l a t i o n  o f  sour wa te r s t r ippe r s  to r e d u c e  the s u l f id e  
and ammo n i a  conc e ntra t ions e n t e r i ng the  t r e a tment  p l a n t  

• El imina t ion o f  onc e-through barome t r i c  cond e n s e r  wa t e r  by 
u s i ng s u r f a c e  cond e n s e r s  or recyc l e  sys tems wi th o i l y  wa te r 
coo l i ng towe r s  

• Seg r e g a t ion o f  s e we r s , s o  tha t unpol l u ted s to rm r uno f f  a nd 
once- through coo l ing wa ters are no t t re a te d  w i th the  proc e s s  
and o t h e r  pol l u te d  wa ters  

• El iminat ion o f  pol l u ted onc e-through coo l ing wa te r , by  
mon i to r ing and  repa i r  o f  s ur face cond e n s e r s  o r  by u s e  of  we t 
and d ry r e c yc l e  s y s tems . 

B PT e n d -o f-pipe tre a tmen t  te chno logy wa s b a s ed o n  the  e x i s t i ng 
was tewa t e r  t r e a tment  proce s s e s  currently u s ed i n  the pe t ro l e um 
re f i n i ng ind u s t ry . The s e  cons i s ted o f  equal i za t ion and s to rm 
d iv e r s ion ; i n i t i a l  o i l  and so l id s  remov al ( AP I  s eparators  o r  ba f f l e  

TABLE 3 8  

Ref ining I ndustry Wa stewater F low Vo lume 

Subcategory* 

Toppi ng 
Cracking 
Petrochemical 
Lube Oil 
Int egrat ed 

Wa st ewater Flow Vo lume 
( Ga l lons of Wa stewa ter 
Per Barrel of F e edstock ) 

2 0  
2 5  
3 0  
4 5  
48 

* For a further description of th es e subcat egor i e s  see Tabl e  1 6  of : u . s .  
Environmental Prot ection Agency , " Deve lopment Docum ent for Effluent Limi tations 
Guidelines and New Sour c e  Per fo rmance Standards for th e Petro l eum Refining Poi nt 
Sour c e  Cat egory , "  Apr i l  1 9 7 4 .  
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p l ate sepa r a to r s } ,  f ur ther o i l  and so l id s  remova l  ( c l ar i f i e r s , 
d i s so l ved a i r f l o t a t ion , or f i l ter s ) ;  c a rbonaceous  wa s te r emova l 
( act i v a ted s l ud g e , a e r a ted l ag oons , o x i d a t io n  po nd s , t r i ck l i ng 
f i l te r , ac t ivated c a rbon , o r  c omb i n a t ions o f  the s e ) ;  and f i l ter s 
( sand , d u a l  med i a ,  o r  mul t imed i a ) f o l l ow i ng b io l og i c al tre a tm e n t  
me thod s . 

The l ong- t e rm po l l utant e f f l ue n t  conce n t r a t i o n s  s a i d to b e  
ach i evab le w i th the ab ove -de s c r ib ed BPT techno l og i e s  and t h e  va r i­
ab i l i ty f a c to r  u s ed to de r i ve 3 0 -day average d a i ly and one-d a y  
max imum conce n t r a t ions are l i s ted i n  Tab le 3 9 . W i t h  few e x c ep­
t ions , the r e f i n i ng i nd u s t ry s ucc e s s f u l l y  me t the J u l y  1 ,  1 9 7 7 , 
d e ad l i ne for the i n s tal l a t ion of  BPT technolog y .  F u r t h e r ,  i t  c a n  

TABLE 39 

Lo ng-Term Achievab le E f f luent Conc e ntr ations by 
Ref ineries U s i ng BPT T e chno logy* 

Achievab le 
Concentra tion 

( mg/1 ) 

Variabi l i ty F actor 

P arameter 

Biochemical Oxygen Demand 
( BOD ) 

Chemical Oxygen Demand ( COD ) 

Total Or gan i c  Carbo n ( T OC )  

Total Suspended Solids ( TS S ) 

Phenol 

Oil and Grease ( O &G ) 

Ammon i a  ( NH3 as N )  

Sul f i de 

Total Chromium 

Hexavalent Chromium 

1 5  

3 3 t 

1 0  

0 . 1 

5 

8 0 %  Removed 

0 .  1 

0 . 2 5 

0 . 0 2 § 

3 0 - Day Daily 
Average Maximum 

1 . 7 3 . 2  

1 . 6 3 .  1 

1 . 6 3 .  1 

2 . 1 § 3 . 3 § 
1 .  7 3 . 5  

1 .  6 3 . 0 

1 .  5 3 . 3 

1 .  4 3 .  1 

1 . 7 2 . 9  

1 . 4 3 .  1 

*Source of Data : u . s .  Environmental Protectio n  A gency , " D eve l opmen t  
Document for Ef f luent Limitations Gui del ines and N e w  Sour c e  Performance 
Standards for the Petroleum Re fining Point Source Cat e go ry , "  Apr i l  1 9 7 4 . 

tEased on TOC/BOD r atio of 2 . 2 .  Ra tio is variab le and shoul d be 
correlated for e ach r e f inery . 

§Achievab le concentratio ns and var iabil i ty factors changed in 4 0  FR 2 1 9 3 9 , 
F ederal Re gi ster , May 2 0 , 1 97 5 .  
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b e  s ta t e d  th a t  d e s p i t e  grea t e r  prob l ems a t  i n d i v i d u a l  r e f i n e ri e s , 
c omp l i ance h a s  b e e n  ach i eved w i th the BPT l im i ta t ions  throu g h o u t  
t h e  i nd u s t ry . As w i l l  b e  d i sc u s s ed lat e r  i n  th i s  c h ap te r , th e s e  
e f fo r t s  have res u l t ed i n  a s ub s tant i a l  red uc t ion i n  t h e  d i s c h a rg e  
o f  po l l u t a n t s  f rom the r e f i n i ng i nd u s t ry .  

C .  B e s t  Ava i l able  Technology 

Th e 1 9 7 2  Fed e r a l  Wa t e r  Po l l u t io n  Con tro l Ac t Ame ndme n t s  spec i ­
f ied t h a t  BAT b e  impl emente d  b y  Ju l y  1 ,  1 9 8 3 .  Wi t h  t h e  1 9 7 7  amend­
men t s  to the Ac t th i s  d a t e  wa s changed to J u l y  1 ,  1 9 8 4 ,  and BAT wa s 
r ed e f i ned to be pr ima r i l y  d i rec ted a t  the control o f  '' tox i c "  pol l u­
tan t s . BAT i s  a l so requ i red for the nonconve n t ional  pol l u ta n t s  
[ chem i c a l  oxyg e n  d emand ( C OD ) , ammo n i a , s ul f id e s , a nd to t a l  o rg a n i c  

c arbo n ( TOC ) ]  b u t  wa i ve r s  may b e  ava i l able . l 3  

E PA prom u l g a t e d  BAT requ i reme n t s  for the  r e f i n i ng ind u s t ry 
a l ong w i th the B PT r equ i reme n t s  i n  May 1 9 7 4 . The s e  BAT r eq u i re­
men t s  wer e  b a s ed o n  the  u s e  of  a c t ivated c arbon t r e a tme n t and wer e 
chal l e ng e d  by the Ame r i can Pe tro l e um I n s t i t u t e  ( AP I ) and o th e r s  i n  
the Ten t h  C i rcu i t  Co u r t  o f  Appe a l s . The Co ur t , i n  i t s  d e c i s ion o f  
Aug us t  1 1 ,  1 9 7 6 ,  r emanded the BAT requi r eme n t s  t o  E PA b ased o n  the 
fact tha t g r a n u l a r  a c t ivated c a rbon tre a tmen t  wa s no t a proven 
tre atmen t  technolog y  for re f i n e ry wa s tewa te r s . 

Ne w BAT r equ i reme n t s  we re proposed for the p e t ro l e um r e f i n i ng 
i nd u s try o n  De c embe r 2 1 ,  1 9 7 9 . 1 4 The s e  propo se d  BAT requ i rement s  
are o f  s e r iou s concern to the re f i n ing i nd u s try a nd e x te n s iv e  
c omme n t s  o n  the  propo s a l  h ave been s ubm i t ted b y  AP I 1 5 , 1 6 , 1 7  and 
by i nd i v i d ua l  re f i ne r s . Pa r amount among these conc e r n s  i s  the 
con t in ue d  use by E PA of a s ta t i s t i c a l l y  d e r ived wa s te wa te r  f l o w  
mod e l . Fu r the r , t he theore t i cal f l ow mod e l  i s  t h e n  coupl ed w i th a 
pre s umed ach i evab l e  wa s t e wa te r  flow r e d uc t io n , and t h e  a s s umpt io n  
i s  mad e that  a r ed u c t ion i n  wa s te wa ter f l ow w i l l  re s u l t i n  a n  
equ i va l e n t red uc t ion i n  the quan t i ty o f  pol l u tant s d i s c h arged . 
Tha t  por t i o n  o f  the r e f i n i ng i nd u s try t h a t  c anno t r e a sonab l y  
ach i eve t h e  pre s umed ach i evab l e  flow mod e l , l e t  a l on e  t h e  add i ­
t io nal pre s umed ach i e va b l e  f l ow r ed uc t i o n , s tand s t o  b e  s e r i o u s l y  
impac ted d e sp i te the  f a c t  that  t h e y  m a y  a l r e a d y  h ave an e x ce p­
t ional l y  h ig h  l ev e l  of  wa s tewa ter t r e a tmen t  i n  p l ac e . 

As s ta te d  abov e , the  1 9 7 7  amendme n t s  to the C l ean Wa t e r  Ac t 
red e f ined  BAT to be pr i mar i l y d i r e c ted a t  t h e  con trol o f  " to x i c " 
pol l u ta n t s . Spe c i f i c al ly , Co ng re s s , i n  Se c t io n  3 0 7 ( a )  o f  the  1 9 7 7  
ame ndmen t s , d ec l ar e d  6 5  c ompounds and c l a s s e s  o f  c ompo und s a s  
tox i c , hence  requ i r i ng BAT l ev e l  o f  contro l . Th e se 6 5  c ompound s 
and c l a s s e s  o f  c ompo unds were f urther  b roken d own t o  1 2 9  p r i o r i t y  
pol l u t an ts . In the De cember 2 1 ,  1 9 7 9 ,  Propo sed Re f i n ery E f f l u­
en t Gu id e l i ne s , E PA propo se d  BAT l im i tat ion s f o r  o n l y  t wo po l ­
l ut a n t s : to tal phenol [ 4 -ami noan t i pyr i n e  me thod ( 4 -AAP ) ] ,  a nd 
chrom i um ( bo t h  to t a l  c h romi um and h e x aval e n t  c h rom i um ) . l 8 

It s h o u ld b e  noted t h a t  the BAT requ i reme n t s  a s  o f  yea r-end 
1 9 8 1  h ad no t b e e n  f i na l i ze d  and , apa r t  from the c onc e r n s  e xp r e s sed 
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above , i t  i s  no t po s s ible  to c ommen t 
be e n t i r e l y  d i f fe r e n t  req u i reme n t s . 
i s s ued i n  May 1 9 8 2 .  

me an i ng f ul ly on wha t may ye t 
BAT r eq u i r eme n t s  are  d ue to b e  

D .  B e s t  Conven t ional Pol l u tant Control  Te chno logy 

The 1 9 7 7  ame ndme n t s  to the Clean Wa t e r  Ac t ,  i n  ke e p ing with the 
focus  o f  BAT requi reme n t s  on to x i c po l l u ta n t s , r emoved " c onven­
t ion a l " pol l u ta n t s  f rom the BAT ca tego ry and e s ta b l i s he d  a separate 
BCT c a tegory . In so d o i ng , Co ng re s s  spe c i f i c al l y  r e q u i red tha t  any 
new l im i t a t ions  on conve n t ional pol l u t a n t s  be s ub j e c te d  to a " co s t  
reasonab l e ne s s "  t e s t , wh i c h  involve s a compar i son o f  t h e  cos t and 
level  of red uc t ion of s uch pol l u tants  f rom a c l a s s  or c a t eg ory o f  
ind us t r ial  sour c e s  wi th that for pub l i c l y  owned t r e a tmen t  wo rk s 
( POTW ) . Conve n t ional  pol l u tants  we r e  d e f i n ed by Cong r e s s  i n  t h e  
1 9 7 7  amendme n t s  a s  b iochem i c a l  oxyg e n  d emand ( BOD ) , t o t a l  s uspe nd ed 
sol ids  ( TS S ) , f e c a l  col i fo rm ,  p H ,  and any pol l u ta n t s  d e f i n e d  by the 
Adm i n i s tr a to r  of  E PA as " conven t i onal . "  On Ju l y  3 0 ,  1 9 7 8 ,  t he 
Admin i s tr a tor add ed o i l and g re a s e  ( O&G ) to t h e  l i s t . l 9  

In propo s ing BCT l im i t a t ions  in  the  De c embe r 2 1 ,  1 9 7 9 ,  propo sed 
Re f i nery E f f l ue n t  Gu id e l i n e s , E PA ag a in r e l i e d  o n  the u s e  of i t s 
s ta t i s t ic a l l y  d e r ived flow mod e l  and pre s umed a c h i ev a b l e  f low 
r ed uc t io n  concept d i sc u s se d  pr ev iou s l y . Th e s ame comme n t s  and 
conc erns e x pre s sed for BAT apply for Be s t  Co nve n t i o n a l  Pol l u t an t 
Con trol Te chno l og y  ( B C T ) . In comme n t i ng o n  the BCT p ropo s a l , A P I  
no ted t h a t  E PA h ad imprope r l y  appl ied the  cos t-re a sonabl ene s s  t e s t 
a nd tha t add i t i onal contro l s  on conv e n t ional  po l l u ta n t s  we re no t 
cos t-e f fec t ive . In July 1 9 8 1 ,  the u . s .  Co u r t  o f  Appea l s  for the 
Four th C i rcu i t  va c a ted al l E PA r eg u l a t ions purpo r t i ng to e s tab l i sh 
BCT e f f l ue n t  l imi ta t ions und e r  the C l e a n  Wa t e r  Ac t . 2 0 Th e Co ur t 
h e l d  tha t the E PA ' s  " co s t  r e a so nab l e n e s s "  t e s t  wa s i n s u f f i c ie n t ,  
but the Co u r t  d id no t s pec i f y  par t i c ul a r  f ac to r s  to b e  cons i d e re d  
i n  such a te s t . EPA wa s d i rec ted to re c on s id e r  the " co s t  r e a so n­
ablene s s " te s t . The s e  requ i r ement s  h ad no t b e e n  mad e f in a l  by 
year-e nd 1 9 8 1 . 

E .  Wa t e r  Q u a l i ty S tand a rd s 

The Fed e ral Wa t e r  Po l lu t ion Control Ac t prov i d e s  t h a t  the 
Admi n i s tr a tor of EPA s h a l l  approve wa t e r  q ua l i ty s tandards  i s s ued 
b y  a s tate if tho s e  s t and a rd s  a re cons i s te n t  w i t h the req u i reme nts 
of  the Ac t .  I n  c a s e s  whe re s ta t e s  h a ve i s s ued no s tand a r d s  o r  
i ncons i s te n t  s tand a rd s , EPA promul g a te s  appl i c ab le s tanda rd s . The 
Act furth e r  prov ides  tha t wh e re e f f l ue n t  l im i t a t i o n s  d e r ive d  f rom 
e i th e r  BPT o r  BAT do not res u l t  in  a t t a i nme n t  a nd ma i n tenance o f  
federal wa t e r  q ua l i ty s tandard s , more s tr i ng e n t  l im i t a t i on s  w i l l  
apply . I n  v i ew o f  the seve re impact s uch req u i r eme n t s  c ou l d  im­
pose , i t  is e x treme l y  impo rt a n t  tha t  s uch wa t e r  q ua l i ty s ta nd a r d s  
b e  b a s e d  on sound s c i en t i f ic e v i d e n c e  a nd t h a t  such  wa t e r  q ua l i ty 
s t andard s b e  app l i ed i n  a mean i ng f u l  s e n s e . On th i s  l a t t e r  po i n t , 
i t  i s  impo rt a n t  t h a t  reg u l a t i ng ag e n c i e s  t ake c a r e  not to impos e  
ve ry s t r i ng e n t  wat e r  q ua l i ty s tandards o n  s ma l l  s t re ams , wh i c h  may 
cons i s t  mo s t l y  of trea ted re f i ne ry was tewa t e r  and wh i c h , i n  t ur n , 

2 7 7  



e n ter a m uch l ar g e r  r e c e i v i ng s tr e am wh ere a l l  app l i c a b l e  wa t e r  
qual i ty s tand a r d s  m a y  b e  me t .  Suc h a n  e x tr eme app l i c a t io n  o f  th i s  
requ i r�men t , i f  a t ta i n able a t  a l l , co uld impose a v e ry s e v e re 
e conom 1 c  pe nal t y  o n  the a f f e c ted re f i nery wi tho u t  any m e a n i ng f u l  
e nv i ro nme n t a l  bene f i t . 

F .  E l i m i n a t ion o f  D i s ch a rg e  of  A l l Po l l u t a n t s  

The n a t ion a l  g o a l  o f  wha t i s  c ommo n l y  re f e rred t o  a s  '' z e ro " 
d i scharge rema i n s  a par t o f  t he Ac t .  I t  rema in s unc l e ar j u s t  how 
t h i s  g o a l  w i l l  b e  d e f ined o r  whe t h e r  or no t s uc h  a n  ob j e c t ive , 
c ons id e r ed by many to be to ta l ly unreal i s t i c , w i l l  surv i v e  s c ru t i ny 
und e r  any reg ula to ry re form progr am . I n  cons i d e r i ng s uc h  a co n­
c ept , o th e r  neg a t iv e  env i ronme n ta l  impac ts and co s t  f ac to r s  m u s t  be 
c are f ul l y  con s i d e re d . 

In the  Dec embe r 2 1 ,  1 9 7 9 ,  Proposed Re f i nery E f f l ue n t  Gu id e­
l in e s , E PA propo sed a " ze ro "  d i sc harge fo r NSPS for new r e f i n e r i e s . 
In so d o i ng t h ey no t ed tha t " E PA ,  howeve r ,  sol i c i t s  o t h e r  d a ta 
wh i ch wo u l d  s uppo r t  or re f u te the a s sump t ion [ emph a s i s  add e d ] t h a t  
z e r o  d i scharge i s  an a c h i e vable techno logy f o r  n e w  s o u rce s on a 
n a t io nw i d e  b a s i s . "  AP I r e s po nded to th i s  so l i c i ta t io n  i n  i t s com­
men t s  on the  propo s ed r e f i n e ry g u id e l i n e s  for the  p ur po s e  o f  re f u t­
i ng wha t  i s  cons id e red to be a h ig h l y  e rroneous a s s ump t i o n . 2 1  

G .  S p i l l s  

Se c t io n  3 1 1  o f  t he C l ean Wa ter Ac t spe c i f i c al ly d ea l s  w i th 
s p i l l s  o f  o i l  and other ha z a rd o u s  s ubs tance s . 2 2  Some o f  t h e  
r eg ul a t ions  prom u l g a te d  und e r  Se c t ion 3 1 1  a pply to mar i n e  t r an s f e r  
opera t io n s  and accord i ng ly wo u ld impac t o n l y  those r e f i n e r i e s  w i t h  
a s soc i a ted mar ine t e rm i n al s .  

As f a r  as  r e f i ne r i e s  thems e lve s are conce rned , the  maj or t h r u s t  
o f  the s e  reg u l a t i o n s  i s  t o  requ i r e  Sp i l l  Preven t io n , Con trol and 
Countermeas ure and O i l  Spi l l  Co n t i ng e ncy p l ans . Oi l sp i l l s  f rom 
re f i nery opera t ion s are  no t a ma j or probl em and are  con s i d ered b y  
t he ind us t ry to b e  ad equa te l y  control led a n d  reg u l a te d . Fo r those 
re f in e r i e s  wi t h  mar ine term i n a l  ope ra t io n s  i nvol v i ng the  trans f e r  
o f  crud e o i l  or pe trol e um prod uc t s  to or f rom t h e  r e f i ne r y , t h e r e  
i s  obv i o u s l y  a g r e a t e r  r i s k  o f  s p i l l ag e  a nd accord i ng ly r e f in e r i e s 
a pply more s t r i ng e n t  control me a s ur e s . Al l i n  a l l , the  r e co rd f o r  
s uch ope r a t ion s h a s  b e e n  g ood con s id e r i ng t h e  treme nd o u s  vol ume s  
i nvolved . 

Th e quan t i t ie s  o f  h a zardous s ub s tances  used i n  r e f in i ng a r e  
smal l  c ompar ed to t h e  vol ume s o f  o i l  h a nd le d . Ma t e r i a l s  u s ed t h a t 
are  on the ha z a rd o u s  s ub s t an c e  l i s t  are  few and a r e  u s ed a s  t r e a t­
men t chemic a l s , l ub e  proce s s  s o l ve n t s , and add i t ive s . The y  i nc l ud e  
ammon i a , b e n z e n e , c h l o r ine , f ur f ural , pheno l , sod i um h yd rox i d e ,  
s u l f ur i c  ac i d , h yd ro f l uo r i c  ac id , te traethyl l e ad , a nd to l uene . 
The se ma ter i a l s are  hand led w i th care ; whe n  sp i l l s  d o  o c c u r  they 
are typ ic a l l y  con ta ined wi t h i n  tank d i ke s o r  r emoved d ur i n g  wa s t e ­
wa ter t re a t i ng ope r a t io n s  s o  tha t a c t u a l  harm f u l  re l e a se s  t o  nav i ­
gable wa t e r s  a r e  m i n ima l . 
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H .  B e s t  Manageme n t  P ra c t i c e s  

Th e 1 9 7 7  ame ndme n t s  t o  t h e  C l e a n  Wa t e r  Ac t a u t hor i ze d  E PA t o  
p r e sc r ibe BMP . EPA h a s  pub l i shed a BMP g u id ance manual and i s  
wr i t i ng BMP i n to n e w  NPDE S  pe rmi t s  on a " be s t  e ng in e e r i ng j ud g men t "  
bas i s . EPA i s  try i ng to d e f i n e  " be s t  e ng i ne e r i ng j ud gme n t "  f o r  
e ach i n d u s t ry i n  o n e  p i l o t  permi t f o r  e ach i nd u s t ry . 

I I .  Impacts  o f  Re f i ne ry D i s charges on the E n v i ronme n t  

A .  Prog re s s  Made Th rough 1 9 8 0  

Subs tan t i a l  prog re s s  has  been real i zed i n  the red uc t io n  o f  po l ­
l u tant d i sc harge s  througho u t  the re f i n i ng i nd u s t ry . Th i s  i s  e spe­
c i a l l y  t rue i n  t h e  1 9 7 0 - 1 9 8 0 d e c ad e , l arge l y  d ue to t h e  impe t u s  o f  
the Fe d e ral Wa t e r  Po l l u t ion Co n tro l Ac t o f  1 9 7 2  and s ub s e que n t  1 9 7 7  
and 1 9 7 8  ame ndme n t s . Pr ior t o  1 9 7 2 ,  d i f f e r i ng r e g u l a to ry requ i r e ­
men t s  we re impo sed o n  i nd iv i d u a l  re f i n e r i e s by s ta te o r  reg ional  
governme n t  agenc i e s .  The s e  requ i r emen t s  var i e d  w id e l y  g eog r a ph i ­
cal l y  and we re l arge ly d epend e n t  o n  the na ture o f  t h e  r e c e iv i ng 
s tr e am and on whe ther s uch s tr e ams had wa t e r  q ua l i ty s tand a rd s 
n e c e s s i ta t i ng cer t a i n  l ev e l s  o f  t r e a tmen t .  Apa r t  f rom mee t i ng 
reg ul a to ry requ i r emen t s , the d eg re e  o f  trea tmen t  pr i o r  t o  1 9 7 2 
d epe nd ed i n  l arg e me asure  o n  the natur e  o f  t he re f i n e ry , i t s 
r e l a t ive age , and the po l i cy o f  the re f i n e r y  man ageme n t . 

As there have a l ways been d i f feren t l e ve l s  o f  t re a tmen t  a t  
various  re f i ner i e s  a t  any g iven t ime , i t  i s  d i f f i c ul t  t o  r e l ate 
re s u l t s  pre c i se l y  and d i re c t l y  f rom one po i n t  i n  t ime to a no t he r . 
Th e re are d a t a  av a i l ab l e , however , that a l l ow a pprox ima t io n  o f  the 
d egree o f  progre s s  mad e i n  the re f i n ing i nd u s try . The s e  d a ta are 
d i scus sed be l ow . 

1 .  Compar i son o f  D i s charge Le v e l s  

A 1 9 6 8  A P I  s ur vey o f  re f i n i ng i nd u s try d i sc ha rg e s  f o r  1 9 6 7  p r e­
s e n t s  d a ta for 1 3 2  r e f iner i e s re pre s en t i ng approx i ma te l y  8 7  pe rcen t 
o f  d ome s t i c  c rud e o i l  proce s s ing capab i l i ty i n  1 9 6 7 . 2 3  The s e  
data c a n  b e  compared w i t h  1 9 7 7  l e ve l s , c a l c u l a te d  t o  re s ul t  f rom 
the appl i c a t ion of B PT t e chno l og y . 2 4  The ac t ua l  d i sc ha r g e  l ev e l s  
r e por ted t o  E PA f o r  c a l endar yea r  1 9 7 9  and t h e  l e ve l s  c al c ul a ted t o  
r e s ul t from the appl i c a t ion o f  propo sed B C T  t e chnology f o r  the 1 6 5  
d i rec t  d i scharge r e f i ne r i e s  are i n tended to g i ve a r e a sonabl e 
approx ima t i o n  o f  the prog re s s  i n  the reduc t i o n  i n  po l l u t a n t  d i s­
charge s for the re f i n i ng i n d u s try . The s e  va l ue s  are pre s e n ted i n  
Tab l e  4 0  and are d ep i c ted i n  F ig ur e  5 3 .  

Th e 1 6 5  d i rec t d i scha rg e  re f i ner i e s me n t i o ned abov e r e pr e se n te d  
1 4 , 1 4 2  M B/D , o r  8 1  p e rc e n t  o f  u . s .  re f in i ng c apac i ty i n  1 9 7 6 .  D i ­
r e c t  d i sc ha rg e  re f i ner i e s treat a n d  d i scharge the i r  own wa s te wa ter 
to navigable wa t e r s  o f  the Un i te d  Sta te s . Ind i re c t  d i s c h a rg e r s  
d i scha rg e  the i r  wa s tewa ter t o  pub l i c l y  o r  pr iv a te l y  owned t r e a tm e n t  
plant s . In 1 9 7 6  there wer e 4 7  i nd i re c t  d i s c h a rg e r s , repre s e n t i ng 
2 , 4 0 2 MB/D , or 1 4  p e r c e n t  o f  u . s .  r e f i n ing c apac i ty . The th i rd 
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TABLE 4 0  

Re f inery E f f luent D i s charges , D irect D i s chargers 

Pol lutant 

Biochemical Oxy­
gen Demand 
( BOD ) 

Total Suspe nded 
Solids 
( TS S )  

O i l  and Grease 
( O&G ) 

1 9 6 7 *  

80 0 

5 0 0  

3 6 0  

BPT t 

July 1 9 7 7  
1 9 7 9  

Actual§ 
Proposed 

BCT 
July 1 98 4 �1 

[ Thousands of Pounds Per Day 
( Annual Average ) ]  

7 1  3 8  28 

4 7 4 3  1 8  

2 4  1 3  9 

Percenta ge 
Reduc t io n , 
1 96 7 - 1 9 7 9  

9 5  

9 1  

96 

* Cros sley , S-D Surveys , In c . , " 1 9 6 7  Dome s tic Re f inery E f flue nt Prof i l e , "  
report prepared for the Ameri can Pe troleum Institute , S eptember 1 96 8 .  

tAmerican Pe troleum Institut e , "Comments o f  the American P e troleum 
Institute Re garding the Environme ntal Prote ct ion Agenc y ' s Proposed E f f luent 
Limitations Gui del ines , Pretreatment Standards and New Sour c e  Pe rformance 
Standards for the Pe tro leum Refining Point Sourc e Category . "  O &G by ratio to 
BOD . 

§ calculated us ing EPA vari ability s urvey data ; Personal correspondenc e , 
July 1 2 ,  1 9 8 1 , Jitu Shaveri ( E RT ) to J .  M .  Ri eker ( Mobil ) ,  " Summary o f  1 9 7 9  
Average Mas s D i s charges for BCT Parame ters for Refineries S e l e cted b y  EPA for 
Vari ab i l i ty Analys i s , "  and American Petroleum Institut e , " Evaluation of 
Cost- Reasonab leness of Best Convent ional Te chnol ogy Regulat ions for the 
Petroleum Re fi ning Point Source Category , "  June 1 9 80 .  

�JU . s . Environmental Protectio n  Agency , " Pe trol eum Ref in i n g  Point Sourc e 
Ca tegory E f f luent Limitations Gui de l i ne s , Pretr eatment S tandards , "  4 4  F R  7 592 6 ,  
Dec ember 2 1 , 1 97 9 . 

c a tegory o f  r e f i n e ry ,  zero d i schargers , d o  no t d i s c ha r g e  wa s te wa ter 
to nav i g a b l e  wa t e r s  o f  the Un i te d  S t a te s . In 1 9 7 6  t he re we r e  5 0  
zero-d i scharge r e f i ne r i e s  re pre s e n t i n g  5 p e rc e n t  o f  U . S .  re f in in g  
c apac i ty . 2 5  

Th e re f i n i ng i nd u s t ry a s  a who l e  h a s  a c h i eved a b e t t e r  than 9 1  
perc e n t  red uc t ion o f  conve n t iona l wa ter pol l u tan t s  d ur i ng t h e  1 9 6 7 -
1 9 7 9  p e r iod . Re f i n ery proce s s  un i t  mod e rn i z a t i o n s  a c coun ted f o r  
some o f  th i s  improveme n t , b u t  re f in e r ie s mad e s ig n i f i c a n t  g a i n s  i n  
t he d e ve l opme n t  o f  wa s t ewa ter pur i f i c a t i o n  technology and wa s te 
man ageme n t  prog r ams and the s ubseque n t  ut i l i z a t io n  o f  t he s e  d eve l ­
opme n t s  i n  ope r a t i o n s . Spe c i f i c a l ly , s ig n i f i c a n t  r ed u c t io n s  i n  
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wa s te wa t e r  flow vo l ume s pe r barrel o f  c r ud e  o i l  run h a ve b e e n  
a ch i eved , a nd t he s ta te - o f- t he- a r t  of  t h e  fo l l ow i ng technology 
are a s  wa s s ig n i f i c an t l y  ad vance d : sour wa t e r  s tr i pp i n g ; d i s so l ve d  
a i r f l o t a t ion ; g ranu l ar med i a  f i l tr a t ion ; n umero u s  b io l og i c a l  
wa s te wa te r  p ur i f i c a t ion proc e s se s ;  and wa t e r  r e- u s e  prac t ic e s . 

The proposed B C T  for 1 9 8 4  w i l l  o f f e r  o n l y  marg i n a l  improvemen ts 
ove r pr e se n t  d i sc harg e l ev e l s ,  ye t wo u l d  be cos t l y  to ach i e v e . A 
me ans for e s t ima t i ng the  cos t-e f f e c t ivene s s  o f  propo se d  BC T r e g ul a­
t ions is  the '' cos t r e a sonab l en e s s "  te s t , in  wh i c h  the cos t ( i n 
d ol l ars per po und ) o f  remo v i ng the add i t ional  i nc r emen t  o f  conve n­
t ional po l l u ta n t s  i s  compared for POTW a nd re f i n e r ie s . 

In appl y i ng the " co s t  r e a sonab l e ne s s "  te s t , a n  A P I  s t ud y  
d e t e rm i ned t h a t  i nc reme n t a l  po und s o f  TS S and BO D r emoved a f te r  B P T  
treatme n t  wo uld cos t $ 5 . 3 9  p e r  po und f o r  re f i n e r i e s  a nd $ 0 . 5 3 p e r  
po und f o r  POTW . The s e  d a t a  i nd i ca te t h a t  f ur t h e r  red uc t ion s b y  
r e f i ne r i e s  are  marg i n al and costly � and t h a t  the  BCT l im i ta t i o n s  
s ho uld s tay a t  pre s e n t  B PT l ev e l s . L 6  Comp ar a b l e  d a t a  are no t 
ava i l ab l e  f o r  the nonconv e n t ional po l l u tan t s . Th e e x i s t i ng d i s­
cha rg e l ev e l s  for the i n d u s try a s  a whol e are me e t i ng appropr i a te 
l im i ta t ion s . 

Wi th respect to the re f i n i ng d i scharge l e ve l s  o f  the pr io r i ty 
( to x i c ) pol lu tan t s , " E PA f ound tha t BPT t r e a tm e n t  s ub s tan t i a l ly 
reduc e s  tox i c  pol l u tan t concen tra t ion s . Mo s t  tox i c  pol l u tan t s  are  
reduced to  near or b e l ow the concen tra t i o ns con s id ered a c c u r a te for 
use i n  the Ana lyt i c a l  Pro tocol d eveloped by the Ag e ncy . " 2 7  

In the Dec embe r 2 1 ,  1 9 7 9 ,  proposed g u id e l i ne s , E PA l i s ted to tal  
c hrom i um ,  h e x av a l en t  c h rom i um ,  and  phe nol s ( 4 -AAP ) a s  " tox i c "  
pol l u tan t s  requ i r ing BAT l ev e l  o f  con t ro 1 . 2 8  I t  i s  b e l ieved tha t 
e x i s t i ng leve l s  o f  con trol wi t h i n  the re f i n i ng i nd u s t ry cons t i t u t e  
BAT f o r  the s e  s ub s t ance s .  

I t  c a n  be s a f e ly s ta ted that the e f f e c t i vene s s  o f  e x i s t ing 
w a s tewa ter treatmen t prac t i c e s  in the re f i n i ng ind u s t ry equa l s  o r  
s urpa s s e s  tha t o f  a n y  o t h e r  m a j o r  i nd u s tr i a l  po i n t  s o u rce c a tego ry . 
Furthe r , t ha t ,  b ased on ava i l ab l e  d a ta , t he e f f e c t i v en e s s  o f  r e f i n­
ery trea tme n t  s u b s t an t i a l ly s urpa s s e s  t h a t  o f  POTW . 2 9  

I I I .  Wa s tewa t e r  Sources  

A .  Coo l ing Wa t e r  

Cool i n g  wa ter i s  u s ed i n  l arge vol ume s i n  pe trole um re f in ing 
ope r a t i o n s . Cool ing wa t e r  usag e can be d iv i d ed i n to three c a te g o­
r ie s : onc e-through noncon tac t cool ing wa te r ; r e c yc l ed coo l i n g  
w a t e r  c i r c u l a ted throug h cool ing towe r s  o r  pond s ; a nd cool ing w a te r 
tha t h a s  the po ten t i a l  to become contam i na ted or tha t con t a c t s  
o ther contam i nated wa s t e wa te r s . An e x ampl e  o f  t h i s  l a t ter c a teg ory 
wo uld b e  coo l ing wa ter u s ed on p ump s , wh i c h  mo s t  c ommon ly e n t e r s  
t he same sewe r sys tem tha t wo uld rece ive m i nor l e aks a nd sp i l l s  
from s uch opera t i ng e qu i pmen t .  Onc e-through noncon tac t cool i ng 
wate r i s  seg reg a ted f rom other wa s tewa ter s t re ams because  o f  the 
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l arge vo l ume s empl oyed and the r e l a t ive l y  low r i s k  o f  con t am i n a­
t io n . Ex i s t i ng reg u l a t ions  requ i r e  the mon i to r ing o f  TOC to a s s u r e  
the absence o f  s ig n i f i c a n t  l e aks i n to t h e  s y s tem . 

For those r e f i n e r ie s  empl oy i ng r e c yc l ed cool i ng sys tems , 
b lowd own from the se sys tems represe n t s  a s i z a b l e  po r t io n  o f  the  
comb ined wa s te wa t e r  f l ow . In  general , b l o wd o wn q u a l i ty w i l l  b e  
s im i l ar to the feed wa ter s uppl y f o r  a o n c e - t hroug h c oo l ing sys tem 
except for the ad d i t io n  of corros ion con trol c h em i c a l s  and conce n­
trated d i s solved so l id s  pre s e n t  i n  the i n take wa te r . Sy s tems tha t 
rec i rc u l a te wa t e r  concen t r a te to t a l  d i s so lved s o l id con s t i t ue n t s 
because i n take wa ter i s  con t in uo u s l y  ev apo ra te d  to the s u r ro und ing 
env i ro nmen t .  Coo l i ng tower add i t ive s , to t a l  d i s so l ved s o l id con­
s t i tue n t s , and contam inan t s  e n te r ing the wa te r throug h heat e x ­
chang e r  leaks con s t i t u te t h e  pol l u t ion charac te r i s t i c s  o f  c oo l i n g  
towe r b l owd own . The mo s t  commonly used  add i t i v e s  f o r  corro s io n  and 
algae con trol are c hroma te s and phospha te s . 

Coo l ing wa ter not seg rega ted , s uc h  a s  tha t  u s e d  for p ump c oo l ­
ing , c a n  b e  a s ig n i f i c a n t  source o f  t h e  to t a l  wa s te wa te r  vol ume s t o  
the r e f i ne ry proc e s s  wa s tewa te r sewe r sys tem . Fo r those r e f i n e r i e s  
employ i ng s a l t  o r  brack i sh wa ter a s  the source o f  s uc h  cool i ng 
wa ter , t he r e s u l tant  i n t rod uc t io n  of  h ig h  c h l o r id e s  to t he r e f i n e ry 
wa s tewa te r  trea tmen t  s y s tem pre c l ud e s  r e- u s e  o f  t re a tmen t  p l a n t  
e f f l ue n t  wa ter fo r proce s s  wa ter make -up . 

B .  Proce s s  Was tewa t e r  

The r e  a r e  some 1 7 5 proc e s s  ope r a t ions tha t h a v e  b e e n  id en t i f i e d  
in the re f i n i ng i nd us t ry . Vir tual l y  a l l o f  t h e s e  proce s s e s  h ave 
some po te n t i a l  to g e n e r a te wa s tewa ter requ i r in g  t r e a tmen t .  Of 
the se proc e s se s  the fol l o w i ng are par t i c ul a r ly s ig n i f i c a n t  f rom a 
was tewa ter s tandpo i n t . 

1 .  Crude O i l  D i s t i l l a t ion Proce s s e s  

Th e wa s tewa te r s  a s so c i a ted w i th c r ud e  o i l  d e s a l t i ng conta i n  
emu l s i f ied  and free  o i l s , ammo n i a , phe no l , s u l f ide s , and s u s pe nd e d  
sol i d s . Th i s  wa s tewa ter s tr e am i s  r e l a t i v e l y  h ig h  i n  B O D  a nd COD , 
and conta i n s  s ig n i f i c an t l eve l s  o f  c h l o r id e s  and o t h e r  d i s so lved 
mate r i a l s ,  wh i ch contr i b u te to the over a l l d i s so lved sol id s concen­
tra t ion i n  the c omb ined wa s t e wa te r . De s a l te r  e f f l ue n t  wa t e r  no r­
mal ly e x ceeds  2 0 0 ° F a nd is  commonly passed throug h he a t  e x chang e r s , 
and some t ime s i s  s te am s tr i pped pr ior to d i s c harge to the r e f i n e ry 
wastewa te r  tre a tm e n t  pl an t . 

The so urces  o f  wa s tewa te r  from c rud e o i l  f r ac t io n a t i o n  are 
general l y  from ove r h e ad accum u l a tor s ,  the wa s te wa te r  d i s c harge f rom 
o i l  samp l e  l i n e s , a nd the wa s tewa te r  a s so c i a ted w i th the v a c u um 
prod uc i ng sys tems . The wa s te wa te r  f rom the acc um u l a to r s  i s  a ma j or 
s ource o f  s u l f id e s , e spe c i a l ly whe n  sour c r ud e o i l s  are proc e s se d  
and t h e  wa s tewa t e r  conta i n s  s ig n i f i c an t amo un t s  o f  o i l , c hl o r ide s , 
mercapta n s , and phenol s .  The wa s t e wa te r s  from vacuum prod uc ing 
sys tems , wh i c h  are used to c r e a te the red uced pre s s ur e  in vacu um 
d i s t i l l a t ion un i t s , a r e  a source of  emul s i f i e r s  t h a t  prod u c e  s tab l e  
o i l emu l s ions i n  t h e  wa s te wa ter sys tem . 
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2 .  C rack i ng and Cok ing Proce s s e s  

Spec i f i c  proce s se s  i nc l ud ed i n  th i s  c a tegory t h a t are s ig n i ­
f ic a n t  from a wa s te wa ter s o u r c e  stand po i n t  a r e  t h e  f o l l ow i ng : 
v i sbre ak i ng , t h e rmal c r a ck i ng , f l u id c a t a l y t i c  c r a c k i n g , mov ing 
bed c a ta lyt i c  crack i ng , h yd rocrack i ng , d e l ayed cok i ng , a nd f l u id 
cok i ng . 

Ca t a l y t i c  c r a ck i ng un i t s are one o f  the  l arge s t  s o urce s o f  s o ur 
water  i n  a pe t ro l e um re f i n e ry . Wa s tewa t e r s  f rom c a t a l y t i c  c racking  
are g e n e r a l l y  d e r i ved f rom the  s te am s tr ipper s  a nd overhe ad a c c umu­
l ators on f r ac t i o n a to r s  used  to recov e r  and s e pa r a te v a r i o u s  hyd ro­
c arbon frac t ion s . The m a j o r  pol l u tan t s  re s u l t i ng f rom c a t a ly t i c  
c rack i ng ope r a t i o n s  are  o i l , s ul f id e s , phenol s ,  a nd ammon i a . The s e  
wa s te wa t e r s  are a lk a l i n e  wi th h ig h  BOD and C O D  conc e n t r a t ions . 
L i ke w i se , the  ma j or source o f  wa s tewa te r f rom thermal c r a ck i ng 
( i n c l ud i ng c ok i ng ) i s  the  overhe ad a c c umul a to r s  on f r a c t iona tors . 
The se wa s tewa t e r s  a l so c on ta i n  var i o u s  o i l  f ra c t io n �  a nd may b e  
h igh i n  BOD ,  CO D ,  ammon i a ,  phenol , a nd s ul f ide s . 

Was te wa te r s  f rom h yd rocrack i ng , wh i l e  norma l l y l ow i n  vol ume , 
c an be e x t reme l y  h ig h  i n  s ul f id e s  and ammon i a . The wa s t e  s t r e ams 
are genera ted i n  p rod uct separators and frac t iona t ion un i t s f o l l ow­
i ng the hyd roc racke r reac to r s . 

3 .  Hydrode s u l f u r i z ing Proc e s s e s  

The s e  proce s s e s a r e  u s e d  t o  remove s ul f ur , n i trog e n , o xyg e n  
compound s ,  a n d  o t h e r  contaminants f rom e i th e r  s tr a igh t-r un o r  
c racked pe tro l e um f ra c t ion s . Hyd rod e s u l f ur i z i ng a l so re s u l t s  i n  
the s a t ura t ion o f  o l e f in s  i n  the h yd rogena t io n  proce s s . The 
qua l i ty and quan t i ty o f  wa stewa ter g e nera ted by the hyd rod e s u l f ur­
i z ing proc e s s  d e pend s on the type o f  proce s s  u s ed and t h e  ma te r i a l  
b e i ng hyd rod e s u l f ur i ze d . The ma j or wa s tewa t e r  s t r e am s  come f r om 
overhe ad a c c um ul a to r s  on frac t ionator s , w i th t h e  ma j or pol l u ta n t s 
b e i ng s ul f id e s  and ammo n i a . Ph eno l i c s  a l so may b e  p r e se n t . 

As the pe tro l e um re f i n i ng i nd u s try mov e s  toward the proc e s s i ng 
o f  h e a v i e r  and h i gher s u l f ur c r ud e  o i l s , wh i c h  are  becom i ng an 
incre a s i ng l y  h ig h e r  pe r c e n t ag e  o f  the type s of c r ud e  o i l s  ava i l ab l e  
i n  the wo r l d  ma rke tp l a c e , i t  c a n  b e  expec ted t h a t  bo t h  t h e  wa s t e ­
wa te r volume s and contam i na n t  l oad i ng s  w i l l  i n c r e a s e  s ig n i f i c an t l y  
d ue to i nc r e a s ed u t i l i za t ion o f  the c r a ck i ng a n d  h yd ro t re a t i n g  p r o ­
c e s s e s  d e s c r ibed above , wh i ch are  n e c e s s a ry to pro c e s s  s uc h  c rud e 
o i l s . Accord i ng ly , i t  i s  e x treme l y  impo r t a n t  t h a t any reg u l a tory 
scheme cons id e r  th i s  t rend . 

4 .  Lubr i c a t i ng O i l  Proce s s e s  

Fou r  o f  the proce s se s  i n  th i s  c a teg ory tha t g e n e r a te proce s s  
wa s te wa te r  are l ube h yd ro f i n i ng , S 02 e x tr a c t ion , wax pre s s ing , 
a nd phe no l  e x trac t ion . Wa stewa ter f rom the se o pe r a t i o n s  i n c l ud e s  
ac i d -be a r i ng r in s e  wa ter and o t h e r  wa s te wa te r  s tre ams u s u a l l y  h ig h  
i n  d i s so lved and s uspended so l id s , s u l f a te s , s ul f o n a te s , a nd s t a b l e  
o i l emu l s ion s . 
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5 .  Re f o rm i ng and A l ky l a t ion Proce s s e s  

Cata l yt i c  re form i ng and s u l f ur i c ac id a lkyl a t ion a r e  t wo 
proce s s e s  be ing used  more e x te n s i v e ly i n  the r e f i n ing i nd u s t ry to 
replace " oc tane s "  l o s t  by the pha se o u t  of l e ad add i t ive s i n  
f i n ished g a so l i n e s . 

Re fo rm i ng , wh i c h  i s  a r e l a t i v e l y  c l e a n  proce s s , w i l l  g en e r a te a 
sma l l  vol ume o f  wa s te wa te r . Th i s  wa s te wa te r  s t re am i s  a lk a l ine and 
t he maj or po l l u ta n t  is s ul f id e , wh i c h  is d e r ived f rom the ov e r h e ad 
accumul a tor on the s t r i pp i ng tower u sed to r emove l ig h t  h yd roc arbo n 
f ra c t ions from the reac tor e f f l ue n t . In add i t i o n  to s u l f id e s , the 
wa s tewa t e r  conta i n s  sma l l  amo un t s  o f  ammon i a , me rcaptan s , a nd o i l . 

The general  sourc e s  o f  wa s tewater i n  s u l f ur i c  ac id a lk y l a t i on 
u n i t s  are the overhead accumu l a tors i n  the f r a c t iona t io n  se c t i on , 
the a lkyl a t ion reac tor , and the caus t i c  wa s h . The wa s te wa ter f rom 
the ove rhead a c cumul ators conta i n s  v a ry i ng amou n t s  of o i l , s u l ­
f id e s , a nd o t h e r  con taminant s .  The wa s te f rom t h e  r e a c to r  cons i st s  
o f  spe n t  ac id , wh i c h  h a s  a pH o f  l e s s  than 3 .  Th i s  s tr e am i s  re­
proc e s s ed to recove r c l e a n  ac id and , except f o r  m i no r  s p i l l s , d oe s  
not e n te r  the r e f i n e ry s ewe r sys tem . The ma j or con t am i n a n t s  e n te r­
i ng the s e we r  f rom a s u l f ur i c a lkyl a t ion un i t  are  g e n e r a l l y  spen t 
c a us t i c s  from the neutral i z a t ion of  the hyd rocarbon s t r e am l e av ing 
the a lkyl a t ion r e a c tor . 

C . Contam i n a te d  S to rm Wa ter 

Storm wa t e r  runo f f  is  a h i g h-vo l ume , i n te rm i t t e n t  wa s te wa t e r  
s tream ,  wh i c h  i s  both quan t i t a t ively a n d  qua l i ta t i v e ly unpr ed i c t­
able . The flow r a t e  and con t aminant  conc e n t r a t ion w i l l  no t o n l y  
v ary wi th t ime d u r ing t h e  cour se of  a s t o rm ,  b u t  a l so w i l l  chang e 
wi t h  each i nd i v id u a l  are a wi t h i n  a re f i n e ry . Large are a s  w i t h i n  a 
r e f i nery , s u c h  a s  tank f arms s u r rounded by d i ke s ,  a f fo rd the oppo r­
t un i ty to r e ta i n  s ub s t an t i a l  quan t i t ie s  o f  s to rm wa t e r  for l a te r  
d i scharg e  t o  the wa s tewa te r tre a tment pl an t ,  t h e r e by m i n im i z i ng 
s urge s to the s y s t em . 

Storm wa ter r unof f ,  though us ual l y  r e l a t i v e l y  l ow i n  contam i n a­
t ion , c an be s im i l ar to the wa stewa te r s  g e n e r a te d  d u r ing ope r a t io n  
of  t h e  pe t rol e um re f i n e ry , a n d  t h e r e  can e x i s t  i n  i t  BO D ,  CO D ,  TSS , 
and O& G c on c e n tr a t i o n s  h ig h  enough to requ i re t r e a tme n t  b e fore d i s ­
charge t o  a rece i v i ng s t re am . 

D .  B a l l a s t  Wa t e r  

Re f in e r i e s  t h a t  s h i p prod uct b y  wa te rbo rne t r a n s po r t  o f ten h av e  
s hore recep t i o n  fac i l i t i e s  to rece ive b a l l a s t  f rom s u c h  v e s s e l s .  
Depe nd i ng upon t h e  n a t ure o f  the term i n a l  opera t io n , t h e  s i z e o f  
t he vesse l s  i nvolved , a nd prac t i c al l im i ta t i o n s  to the s i ze o f  
rece i v i ng tanks on s hore , re l a t ively l a rge vol ume s o f  wa s te b a l l a s t  
wa te r ( u s u a l ly s e awa te r ) c an requ i re h i g h  r a te s  o f  t r e a tm e n t  over 
re l a t ive l y  shor t , i n t e rm i t te n t  pe r iod s . Some r e f i n e r i e s  d i rec t 
wa s te bal l a s t  wa ter to the i r  ma i n  r e f i nery wa s tewa t e r  t r e a tmen t 

2 8 5  



p l an t , wh i l e  o t h e r s  prov ide for separate phys i c a l/chem i c a l  trea t­
men t ,  par t i c u l ar l y  i f  the p i e r  area is remote f rom the r e f i nery 
prope r . 

E .  S a n i tary Wa s t e s  

San i t a ry wa s te s  a r e  a r e l a t ive l y  sma l l  por t io n  o f  t h e  to ta l 
r e f inery wa s tewa t e r  l oad . De pe nd i ng upon the r e f i ne r y  l oc a t io n  and 
ava i l ab i l i t y  of  s e wage col l e c t ion sys t ems s e rved by POTW , re f i n­
e r i e s  may e i the r col l e c t  and tre a t  the i r  own s a n i tary wa s t e s  o r  
d i r e c t  them to s uch POTW . When tre a ted a t  t h e  re f i ne r y  prope r , 
s an i tary wa s t e s  normal l y  r e c e ive second ary t r e a tme n t  and d i s i n f e c ­
t ion e i th e r  separa te l y  or i n  c omb i n a t ion w i t h  o t h e r  r e f i ne ry wa s t e ­
wa te r s . 

F .  Tank Dra i n i ng 

Ta nk d ra in i ng i s  a s i g n i f i c an t i n te rm i t te n t  source o f  wa s te­
wa ter that c an h ave r e l a t iv e l y  h ig h  con t am i n a n t load i ng s . I n  
p a r t i c u l ar , wa te r bot toms f rom c r ud e  o i l  s t o rag e c an s ub s t an t i a l l y  
impac t d o wn s tre am trea tme n t  f ac i l i t ie s . 

I V .  Wa s tewa ter Co l le c t ion , Segreg a t ion , a nd Trea tme n t  

The quan t i t i e s  o f  wa s te wa te r  requ i r i ng d i f f e r i ng l eve l s  o r  
t ype s of  t r e a tm e n t  are a ma j or f a c to r  i n  the cos t and e f fe c t iv e n e s s  
of  a n y  trea tment sys t em . For th i s  rea son i t  i s  ve ry impor tan t t o  
seg reg a te conc e n t r a ted wa s te s t r e ams requ i r i ng e x te n s ive t r e a tmen t 
from those u s ua l l y  l ar g e r  vol ume , low-level  con t a m i na t ion s t re am s . 
In the c a se of  c e r ta i n  wa s tewa ter s treams , seg reg a t i o n  i s  prov id ed 
to pe rm i t  s e parate i n-pl a n t  trea tme n t  or pr e-trea tme n t  pr ior to 
d i sc harge to the ma i n  r e f i n e ry treatmen t sys tem . 

Vi r t ua l ly a l l  re f i n e r i e s  have mu l t ipl e col l ec t io n  and s e we r  
sys tems . Wh i l e  e ach re f inery d i f f e r s , a n  e x ampl e o f  the  concept o f  
s eg reg a t io n , a l ong w i th t r e a tment  techno l og i e s  some t imes emp l oye d , 
i s  shown i n  F ig ur e  5 4 .  A n umbe r  of  wa s te wa t e r  trea tm�nt s te p s  are 
d i scus sed below . 

A .  D i s i n f e c t ion 

San i tary wa s tewa ter t r e a ted at the r e f i nery n o rma l l y  r e qu i re s  
some fo rm o f  d i s i n f e c t ion pr ior to d i s c h a rg e . S i nc e  the  vol ume o f  
s an i tary wa s t e s  i s  us u a l ly smal l in  re l a t i o n  to o th e r  r e f i nery 
wa s te wa te r s , sma l l  p a ckage c h lor i n a to r s  c a n  some t ime s be u s ed pr ior 
to se cond ary tre a tme n t  wi thout d i s t ur b i ng b i o log i c a l  sys tem s . In 
other i n s tance s i t  is nece s s a ry or mo re prac t ic al to d i s in f e c t  th e 
e f f l ue n t  from t he s e cond a ry o r  te r t i a ry t r e a tmen t sys tems . 

B .  Sour Wa t e r  S t r ipp i ng 

So ur or ac id w a t e r s  a r e  prod uced in  a r e f i nery when s t e am i s  
used a s  a s tr ipp i ng med i um i n  var ious  c rack i ng proc e s s e s  o r  whe n 
wa ter o th e rw i se com e s  i n  conta c t  wi th sour proce s s  s t r e am s  ( se e  
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F i g ur e  4 3 ) . The H 2 S ,  ammon i a , and pheno l s  d i s t r i bu te them-
s e l ve s  be twe e n  the wa ter and hyd ro carbon pha s e s  i n  the cond e n s a te . 
The concen tra t io n  o f  the s e  pol l u ta n t s  i n  the  s o u r  wa t e r  v a r i e s  
w id e l y , d epe nd i ng upo n c r ud e  o i l  type s and pro ce s s i ng i n v o l ved . 
Wi th i nc re a s i ng vo l ume s o f  he avy , h ig h-s u l f ur c r ud e  o i l s  b e c om i n g  
more commo npl ace , b o t h  t h e  volumes and contam i nan t l oad i ng s o f  s uc h  
wa s te wa �e r  a r e  i n c re a s i ng i n  t h e  re f in i ng ind u s try . H i g h  n i t rog e n  
c rud e o 1 l s  ( no ta b l y  Cal i fo rn ian ) r e s u l t i n  h i g h- ammon i a - c on te n t  
sour wa ters  tha t pre s e n t  par t i c u l ar tre a tmen t  probl ems . 

The purpo s e  o f  the t r e a tme n t  o f  sour wa ter i s  to remove s u l ­
f ide s ( a s H 2 S ,  ammon i um s u l f id e , and po l ys u l f ide s ) a nd ammon i a  
b e fo re d i sc ha rg e  to the sewe r  sys tem ; hence  s uc h  t r e a tme n t  i s  con­
s id e re d  " i n-pl an t "  a s  opposed to •• end-o f -p i p e " t re a tme n t . 

Sour wa ter s tr i pper s  h ave been d e s igned pr imar i ly for t he 
r emov a l  of  s ul f id e s  a nd can b e  expec ted to a c h i e v e  8 5 - 9 9  p e r c e n t  
r emova l s . Mor e  r e c en t ly , i ncreased a t te n t ion h a s  b e e n  d i re c ted t o  
t h e  remov a l  o f  ammo n i a  t o  me e t  BPT l im i ta t i o n s  w i th s u c h  sys tems . 
Removal o f  ammon i a  i s  h ig h l y  depend e n t  on the s tr i pp i ng temper a­
t ur e , p H ,  a nd pound s o f  s t e am u sed pe r g a l l on of  sour wa t e r . 
Whereas  s u l f id e  r emova l s  are enhanced by keep i ng the  s o u r  wa t e r s  a t  
a l ow pH , ammo n i a  remov a l s  a r e  enhanced b y  r a i s i ng t h e  pH . At 
those re f i ner i e s  whe r e  i t  i s  nece s sa ry to a c h i eve h i g h  r emova l s  o f  
b o t h  s u l f id e s  a n d  ammo n i a , prov i s io n s  h a v e  b e e n  mad e f o r  mul t i s ta g e  
s tr ipp i ng or f o r  ammon i a  r emova l s  i n  s ub s e q u e n t  t r e a tme n t  s te p s . 

The h e a t ed s o u r  wa ter i s  mos t  c ommo n l y  s tr i pped w i th s te am ( a ir 
o r  f l u e  g a s  have a l so been used ) i n  s i ng l e  o r  mul t i s t ag e  un i t s , the 
l a t t e r  for the p urpo s e  of s epara te remova l  of s u l f id e s  and ammon i a  
whe re h ig h e r  r emova l  e f f i c ienc i e s are  r eq u i red . H 2S r e l e a sed 
f rom the wa s te wa te r  c a n  b e  recovered a s  s u l f ur i c a c id o r  s u l f u r . 
Ammon i a  re l e ased f rom the wa s te wa t e r  i s  norma l l y i n c i n e r a ted i n  a 
f urnace o r  c omb u s t ed along wi th the H 2S i n  spec i a l l y  d e s i g n ed 
C l a u s  s u l f ur recovery p l a n t s  whe r e  the H 2S i s  r e covered a s  s u l f ur 
and the ammon i a  i s  conver ted to n i trogen and wa t e r  vapo r . 

Depend i ng upon s uch cond i t ions  a s  p H ,  t empera t ur e , and co n­
t am i n a n t  pa r t i a l  pr e s s ur e , pheno l s  and cyan i d e s  a r e  a l so par t i a l ly 
r emoved by sour wa t e r  s t r ipping . Whe r e  prac t ic a l , t h e  s tr i pped 
wa s tewa t e r  is re- u s e d  or re cyc led w i t h i n  the r e f i ne r y  for d e s a l te r  
make-up wa te r , g a s  p l a n t  was h  wa ter for corro s ion con t ro l , e t c . , 
w i th any b al ance d i s c harged to the ma i n  r e f i n e ry wa s te wa t e r  tre a t­
men t  p l an t . In some r e f i n e r i e s  the d e s a l te r  e f f l ue n t  wa t e r  i s  
seg reg a te d  and s t r i pped sepa r a te ly pr ior to d i sc h a r g e  to the sewe r  
sys t em . 

Wa s te wa te r  s tr i pp i ng f ac i l i t ie s vary w i d e l y  i n  s i ze a nd com­
p l ex i ty i n  the re f i n ing i nd u s try , d epe nd i ng upo n  c r ud e  o i l  type s , 
re f i n e ry c ompl e x i ty , sour wa t e r  vo l ume s , and wa s te wa te r  c h a r a c ­
t e r i s t i c s , a l o ng w i th reg u l a to ry l im i ta t io n s . Us ua l l y , s t r ipp i ng 
f ac i l i t i e s  requ i r e  s ub s t an t i a l  vol ume s o f  s te am ;  accord i ng ly s uc h  
t re a tm e n t  h a s  a v e ry h ig h  a s soc i a ted energy c o s t . 
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C .  Spent C a u s t i c  T r e a tment 

Caus t i c  so l u t io n s  a re w i d e l y  u sed in re f i n i ng to n e u t r a l i ze and 
e x tract  ac id i c  ma ter i a l s  conta i n ed in var ious  proce s s  s tre ams . 
Spen t  cau s t i c  so l u t ions  may t h e r e f o re c o n ta i n  s u l f id e s , merc ap­
t ide s , s ul fa te s , s u l fonate s , pheno l a te s , naph t h e n a te s , and othe r 
s im i l ar org a n i c  and inorg an i c  compound s .  

Wh i l e  s t i l l  ex t e n s i v e l y  u sed , c au s t i c  tre a tm e n t  i s  be ing re ­
pl aced i n  some i n s ta nc e s  by d i r e c t  h yd rogen a t io n , par t i c u l a r l y  o f  
heav i e r  c racked hyd roc arbon streams , wh i c h  c o n ta i n  s ig n i f i c a n t  
amounts  of  phe nol i c  compo und s .  Also , c a u s t i c  trea t i ng i t se l f  h a s  
e volved to wh e r e  the re i s  i nc re a s ing appl i c a t ion o f  r eg e n e r a t ive­
type sys tems , wh i c h  v i r t u a l ly e l iminate t h e  g e n e r a t ion of  s pen t 
c aus t i c req u i r i ng t r e a tme n t  and d i spo sa l . 

Some re f iner ie s d i spo se of  c e r ta i n  spe n t  c a us t i c s  by a rrang e­
men t  with outs ide f i rms tha t r e c l a im s a l a b l e  by-p rod uct s . Mos t , 
howev e r , prov i d e  fo r ons i te treatme n t  and/or d i spo s a l . 

Wh i l e  there are a var i e ty o f  d i f fe r e n t  s c heme s used throug ho u t  
t h e  indus t ry , i t  i s  c ommon prac t ice t o  pr e - t r e a t  spen t c a u s t i c  b y  
neutral i z a t ion and then d i scharge i t  a t  a contro l l ed rate  i n to the 
ma i n  re f i n e ry wa s t e wa te r  trea tme n t  p l an t . In  some c a s e s  t h e  ne u­
t ral i z e d  spe nt caus t i c  i s  t r e a ted , a g a in at a control led r a te , i n  
the re f i n e ry sour wa ter s tr i pp i ng fac i l i t i e s  pr i o r  t o  d i scharge t o  
the sewe r t o  prev e n t  d i sc ha rg e  o f  e x c e s s i v e  s u l f i d e  l ev e l s  to the 
b iotre a tmen t  plan t a nd to s uppre s s  odor s . 

Some re f ine r i e s  i nc i n e ra te spent c a u s t i c s , thereby pro v i d i ng a 
s a t i s fa c to ry d i spo s a l  me thod . Howe v e r , i nc i n e r a t i o n  i s  a n  energy­
i n tens ive and c o s t l y  d i spo s a l  techn ique . 

D .  P r i mary Sepa r a t ion 

Gr avi ty separa tor s  r emove mo s t  o f  the f r e e  o i l  and s e t tl e a bl e  
sol id s found i n  r e f i nery wa stewa te r s . Remova l  o f  the se con tam i ­
nants  i s  e s s en t i a l  t o  the e f fe c t i ve per formance o f  s ubsequen t 
wa s tewa t e r  tre a tment  s teps , a nd ac cord ing ly g rav i ty sepa ra to r s  are  
an  i n t e g r a l  par t of  any re f i n e ry wa s te wa t e r  tre a tmen t  sys tem . The 
e f f e c t iv e n e s s  o f  a separator d epend s upo n the tempe ra ture o f  the 
wa ter , the d en s i ty and s i ze of the o i l  g lo b u le s , the pre s e n c e  o r  
absence of  emul s i fyi ng s ub s tanc e s , a nd the amoun t s  and charac ter­
i s t i cs o f  the s uspend e d  ma t te r  pre s e n t  i n  the wa s te wa te r . 

Th e AP I -d e s ign separator i s  the mo s t  w i d e l y  u s ed g r av i ty 
s epar a to r . 3 0  The b a s i c  d e s ig n  i s  a l ong rec tang u l ar ba s i n , w i th 
enough d e te n t ion t ime for o i l  to f l o a t  to the s ur f a c e  and the 
sol id s to the bo ttom . Prov i s io n  i s  mad e to remove the separa ted 
o i l  and sol id s .  The o i l  i s  s ubseque n t l y  trea ted a nd recovered and 
the so l id s  are u s ua l ly d ewa te red and d i spo sed o f  as l and f i l l  or by 
land trea tmen t .  

The g r av i ty s epara tor u s u a l l y  con s i s t s  o f  a pr e - se para to r ( gr i t  
c hambe r ) and a ma i n  sepa r a to r  cons i s t ing o f  mul t i p l e rec tang u l ar 
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channe l s  prov i d e d  w i t h  i n f l ue n t  and e f f l u e n t  f l o w  d i s t r i bu t ion and 
s t i l l i ng dev i c e s  and w i th o i l  sk imm i ng and s l ud ge col l e c t io n  equ i p­
men t . I t  i s  e s s en t i a l  that the veloc i t y  d i s tr i b u t ion o f  t h e  
approach f l ow b e  a s  un i fo rm a s  po s s i b l e . 

Anothe r type o f  separator be ing u se d  i n c re a s i ng l y  i n  re f i n e r i e s  
i s  t h e  paral l e l  p l a te separa to r . The separa to r  c h amber i s  s u b­
d iv id e d  by par a l l e l  pl ate s ( u sual ly corrug a ted ) s e t  a t  a 4 5 ° a ng l e , 
l e s s  than 6 inche s apar t . Th i s  i n c re a s e s  the c o l l e c t io n  area wh i l e  
d ecreas ing t h e  ove r a l l  s i ze o f  the un i t . As t h e  wa t e r  f l ows d own 
t h rough the paral l e l  p l a te s , the o i l  d ropl e t s  coal e s c e  on the  
unde r s id e  o f  the pl a te s  and travel  upwa rd s ,  whe r e  the o i l  i s  
c o l l e c ted and r emove d . The sol id s  col l e c t  i n  t h e  bo t t om o f  the  
c hambe r and prov i s io n  mu s t  be made f o r  the i r  r emova l . 

E .  Equa l i z a t i on 

Fo l l ow i ng p r e- t r e a tment  ( e . g . ,  s t r ipp i ng ) and pr imary s e pa r a­
t ion , those  r e f i n e ry was te wa te r  s tr e ams con ta i n i ng c o l lo i d a l  o r  
solub l e  ma te r i a l s  requ i r ing f u r th e r  t r e a tment  are u s ua l l y  c om b i ned 
and routed to equal i za t io n  f ac i l i t i e s . The p urpos e  o f  e q u a l i z a t io n  
i s  t o  d ampe n ou t s u rg e s  o f  con tam i n an t s , thereby prov i d i ng a more 
cons tant wa s te wa te r  feed qua l i ty to down s tream trea tmen t  f ac i ­
l i t ie s . Th i s  i s  e spe c i a l ly impo rtan t f o r  b io l og i c a l  t r e a tme n t  
sys tems , wh i c h  r e l y  o n  the h e a l t h  o f  a v i able  and ac t i ve pop u l a t ion 
o f  l iv i ng m i c roorg an i sm s . Wi d e  swings  i n  the c o n tam i n an t  l oad i n g s  
t o  s uch a s y s t em c an adver s e l y  a f f e c t  the d e l i c a te b a l a n c e  n e ce s­
s ary f o r  e f fe c t iv e  treatme n t  and , i f  severe  eno ug h , s e r i o u s l y  
impa i r  t h e  f un c t i on i ng o f  t h e  b i omas s .  

The equa l i z a t ion s tep i nvol ve s  the  c o l l e c t ion a nd m i x i ng o f  t he 
c omb ined wa s tewa t e r s  i n  l arge po nd s o r  tanks . Eq ua l i za t i o n  c apa­
c i ty var i e s g re a t l y  for i nd i v i d u a l  re f i n e r i e s  a nd i s  o f te n  d i c ta te d  
b y  prac t i c a l  cons id e r a t ions s u c h  a s  l and av a i l ab i l i ty .  As a g e ne­
ral  r u l e  i t  i s  d e s i r able to h ave a re ten t io n  vo l ume a t  l e a s t  e q u a l  
t o  t h e  d a i l y  f l ow t hrough the tre atmen t  p l a n t . 

F .  F lo c c u l a t ion ( Coag u l a t ion ) 

Chem i c a l  tre a tmen t  to a c h i e v e  coag u l a t io n  and f l oc c u l a t io n  o f  
the s us pe nd e d  ma t e r i a l s  i n  the equal i ze d  wa s te wa t e r  i s  o f t e n  e m­
ployed to enhance the phys i c a l  remova l  o f  s uc h  ma t e r i a l s i n  d own­
s tre am un i t s . The t r e a tmen t  i nvo l v i ng the use of coag u l a n t s  s uc h  
a s  a l um or c a t i o n i c  and an i o n i c  po l ymer s  r e s u l t s  i n  the ag g l ome r a­
t ion o f  f in e l y  d iv id e d  or col lo i d a l  par t i cl e s ,  t h e r e b y  mak i ng i t  
e a s i e r  to remove them e i th e r  by s ed ime n ta t i o n  o r  f l o ta t io n . 
Id e a l l y  the  tre a tme n t  i s  carr ied out s e para t e l y  i n  s pe c i a l ly d e­
s ig ned equ i pm e n t  prov ided w i th g e n t l e  m i x ing . 

G .  D i s so lved A i r  F lo ta t i on 

DAF c on s i s t s  o f  s a tur a t i ng a po r t i o n  o f  the wa s tewa t e r  feed , o r  
recycled e f f l ue n t  f rom t h e  f l o t a t ion u n i t ,  w i t h  a i r  at a pre s s ur e  
o f  4 0  t o  6 0  pound s pe r square i n c h  g a ug e . The wa s tewa t e r  o r  e f ­
f l ue n t  r ecyc l e  i s  h e ld a t  t h i s  pre s s ur e  f o r  one t o  f iv e  m i n u te s  i n  
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a r e t e n t ion tank and the n r e l e a sed a t  a tmosph e r i c  pre s s ur e  to the 
f l o t a t ion ch ambe r .  The s ud d e n  r e d uc t ion in pre s s ur e  re s u l t s  in the 
rel ease of m i c ro s c op i c  a ir bubbl e s , wh i c h  a t ta c h  t hems e l ve s to o i l  
and s uspend ed par t i c l e s  i n  the wa s tewa te r  i n  the  f lo ta t ion c h ambe r . 
Th i s  re s ul t s  i n  agg l ome r a te s  tha t ,  d ue to the e n tr a ined a i r , h a v e  
gre a t l y  incre a s ed ver t i c a l  r i s e r a te s  o f  abou t 0 . 5 t o  1 . 0 f e e t pe r 
m inute . Th e fl oated ma te r i a l s  r i s e  to the s u r f a c e  to f o rm a f r o th 
laye r . Spec i a l l y  d e s igned f l ight  scrape r s  o r  o t h e r  sk imm i ng d e­
v ic e s  cont i n uo u s l y  r emove the froth . Th e r e t e n t i on t ime i n  the 
flota t ion ch ambe r s  is u s u a l ly abou t 1 0  t o  3 0  m i n u te s . 

The e f f e c t ivene s s  o f  DAF d epend s upon the  a t t ac hmen t  o f  b ubbles  
to the s u spend ed o i l  and  other par t i c l e s  that  a r e  to  b e  r emoved 
from the wa s t e  s tre am .  The a t trac t ion be t we e n  the  a i r b ub b l e  and 
par t i c l e  is a f un c t io n  of the par t i c l e  s ur f a c e  and bubb l e- s i ze 
d i s t r i bu t io n . Chem i c a l  f l o c c ul a t i ng ag e n t s ,  s uc h  a s  s a l t s  o f  i ron 
and a l um i n um , w i th or wi tho u t  org an i c po lye l ec trol y te s ,  a r e  o f te n  
helpf ul i n  improv i ng the e f fe c t ivene s s  o f  t h e  a i r f l o t a t ion proc e s s 
a nd i n  obta i n ing a h i g h  d eg ree o f  c l ar i f i c a t i o n . 

DAF i s  used by a number o f  re f i n e r i e s  to t r e a t  the e f f l ue n t  
from t h e  o i l/wa te r  s e pa r a tor . The f ro t h  s k immed f rom t h e  f l o t a t ion 
tank c an be com b i ned w i th o the r s l ud g e s ( s uc h as t ho s e  f rom a 
g r av i ty separato r ) for d i s po s a l . The c l ar i f i ed e f f l ue n t  f rom a 
f lo t a t ion un i t  g e ne r a l ly r e c e ives  f ur ther t r e a tme n t  i n  a b io l og i c a l  
un i t . 

H .  S e cond a ry T re a tme n t  

In wa s tewa te r  trea tme n t  termi nology , s econd a ry t re a tmen t  re f e r s  
to b io l og i c a l  t r e a tm e n t  sys tems d e s ig ned t o  r emove oxyg en-d emand ing 
con s t i t ue n t s  i n  the  wa s te wa te r , w i th par t i c u l ar emph a s i s  o n  sol uble  
org an i c s . A n umber of  d i f f e ren t sys tems emp l oyed i n  the  r e f i n i ng 
i n d u s t ry are d e s c r ibed b e l ow . 

1 .  O x i d a t ion Ponds 

The o x id a t ion pond is prac t i c a l  whe r e  l a nd i s  p l en t i f ul and 
c he ap . An o x i d a t i o n  po nd has  a l arg e s u r f a c e  area and a s h a l low 
depth , us ual l y  no t e x c e ed i ng s i x f ee t .  The s e  pond s h ave l ong d e ­
ten t i o n  pe r iod s , f r om 1 1  t o  1 1 0  d ays . 

Th e ox i d a t ion po nd ope rates  aerob i c a l ly w i tho u t  mecha n i c a l  
aerator s b e c a u s e  t h e  h igh s ur f ace a r e a  t o  vol ume r e l a t ion s h i p  a l­
l ows t r an s f e r  o f  s uf f i c ie n t  add i t ional a tmosphe r i c oxyg en i n to the 
wa ter at i t s  s ur f ace . In add i t ion , the a l g ae i n  the  pond prod uce 
o xyg en through pho to syn the s i s . Th i s  oxyg e n  is  t h e n  u s ed by t he 
bac te r i a  to ox id i ze the  wa s te s . Beca u s e  o f  t h e  l o w  l o ad i ng s , 
l i t t l e  b io l og i c a l  s l ud g e  i s  prod uced and the po nd i s  f a i r l y  r e s i s ­
tan t to upse t s  d ue to s hock l o ad i ng s . 

Ox i d a t ion pond s are u s u a l l y  u s ed a s  the  ma j or t re a tmen t pro­
c e s s . Some re f i n e r ie s use po nd s a s  a po l i sh i ng proce s s  a f t e r  o th e r  
trea tme n t  proc e s s e s .  
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2 .  Ae r at e d  Lagoo n  

Th e ae r a te d  l ag oon i s  a sma l l er , d eeper o x i d a t i o n  pond e q u i pped 
w i t h  me chan i c a l  a e r a to r s  or d i f f u sed a i r un i t s . The add i t i o n  o f  
o xyge n  e nabl e s  the ae r a ted l ag oon to s uppo r t  a h i gh e r  conc e n t r a t i o n  
o f  m i c robe s t h a n  the  o x ida t ion pond . The re t e n t ion t ime i n  aerated  
l ag oons is  u s ua l l y s h o r te r , b e twe en three  and  1 0  d ays . Mo s t  
aera t ed l agoon s are opera ted wi thout f in a l  c l ar i f i c a t io n . A s  a 
r e s u l t ,  b io l og i c a l  re s id ue s  are  d i sc harged i n  the  e f f l ue n t ,  c on­
tr i b u t i ng to the e f f l ue n t  BO Ds a nd sol i d s  concen tra t i on s . 

As the e f f l ue n t  s tand ard s become mor e  s t r ic t ,  f in a l  c l ar i f ic a­
t io n  wi l l  be i n c re a s ing i n  use . 

3 .  Tr i c k l i ng F i l t e r  

A t r i ck l i ng f i l te r  i s  a n  ae rob i c  b io l og i c a l  proce s s . It  d i f ­
f e r s  from o t h e r  proce s s e s  i n  t h a t  t h e  b i oma s s  i s  a t tached  to t h e  
b ed med i a , wh i c h  m a y  b e  rock , s l ag , o r  pl a s t i c . Th e f i l te r  wo rks 
by a b sorp t io n  of organ i c s  by the b io log i c a l  s l ime , d i f f u s io n  of a i r  
i n to the b i om a s s , a nd ox id a t ion o f  the d i s so lv ed org a n i c s . Wh e n  
t h e  b ioma s s  reache s a c e r ta i n  t h i ckn e s s ,  par t o f  i t  s lo ug h s o f f . 
Whe n  the f i l te r  i s  u s ed as  the ma j or treatmen t proc e s s , a c l a r i f i e r  
i s  u s ed to r emove t h e  s l o ughed b i omas s .  

The t r i ckl i ng f i l te r  c a n  be used e i t h e r  a s  the  c ompl e te trea t­
men t sys tem or as  a roug h i ng f i l te r . Mo s t  appl i c a t i o n s  in the 
pe trole um i n d u s try use i t  as a roug h i ng d e v i c e  to red uce the l o a d ­
i ng on an ac t iv a ted s l ud g e  sys tem . 

4 .  A c t i v a t e d  S l ud g e  

Ac t i v a ted sl ud g e  i s  an ae rob i c  b io l og i c a l  t r e a tmen t proc e s s  i n  
wh i c h  h ig h  conc e n tr a t ion s [ 1 , 5 0 0 - 5 , 0 0 0  m i l l i g r ams p e r  l i te r  ( mg/ 1 ) ]  
o f  newly g rown and recyc l ed m i croorg an i sm s  are  s u s pe nd ed u n i f o rm l y  
througho u t  a hold i ng tank to wh i c h  raw wa s te wa t e r s  are  added . Oxy ­
g e n  i s  i n trod u c ed b y  mechan i c a l  ae r a to r s , d i f f u s e d  a i r  sys tems , o r  
other me an s . The organ i c  ma ter i a l s  i n  t h e  wa s te a r e  r emoved f rom 
the aque ous ph a se by t he m i crob io log i c a l  g rowth s  and are s t ab i l i ze d  
by b iochem i c a l  s yn t he s i s  a n d  ox i d a t ion reac t ion s . The ba s i c a c t i­
v ated sludge proce s s  cons i s t s  o f  an aera t i o n  tank f o l l owed by a 
sed imen ta t ion tank . The f l oc c ul e n t  m i c rob i a l  g rowth s r emoved i n  a 
s ed ime n ta t io n  tank aie recyc led to the a e r a t i o n  t a nk to m a i n t a in a 
h ig h  conc e n tr a t i o n  o f  ac t ive m i c roorgan i sms . Al t ho ugh t h e  m i cro­
o rg an i sm s  remove almo s t  a l l  of  t he org an i c  ma t t e r  f r om the wa s te 
be i ng tre a te d , much o f  the  conver ted organ i c  ma t te r  r ema i n s  i n  the  
sys tem in  the  f o rm o f  m ic rob i a l  c e l l s . The s e  ce l l s  have a r e l a­
t ive l y  h i gh r a t e  o f  oxyg e n  d emand and mu s t  be r emoved f rom t h e  
tre a ted wa s tewa ter b e fo re d i scharg e . Th u s , f in a l  sed imen t a t io n  and 
rec i rc u l a t ion of b iolog i c a l  sol i d s  are impor tan t e l emen t s  i n  an 
a c t i va ted s l ud g e  sys tem . 

Sl ud g e  i s  rem oved con t i nuo u s l y  to ma i n ta i n  an opt im um s l ud g e  
l evel in the s y s t em . Shock organ ic loads  c a n  re s u l t  i n  a n  ove r­
load ed sys tem and poo r  s l ud g e  se ttl ing charac ter i s t i c s . Ef fe c t i v e  
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per formance o f  a c t iva ted s l udge f ac i l i t ie s  requ ire s pr e-trea tmen t 
to remove o r  s ub s t an t i a l ly reduce o i l , s ul f id e s  ( wh i ch can be tox ic 
to m i c roo rg an i sm s ) ,  and phenol conc en tra t ion s . The pr e-trea tmen t 
u n i t s  mo s t  freque n t l y  u sed are g rav i ty separators  a nd a i r  f l o t a t ion 
un i t s  to  r emove o i l , and  sour wa ter s tr i ppe r s  to r emove s u l f id e s , 
mercapta n s ,  a nd phenol s .  Equa l i za t io n  i s  u s ua l l y prov ided to pre­
vent shock l o ad i n g s  f rom upse t t i ng the a e r a t ion b a s i n . Beca u s e  o f  
the h ig h  rate and deg ree o f  org an i c  s t ab i l i z a t io n  po s s i b l e  w i th 
a c t ivated s l ud g e , appl i c a t io n  o f  th i s  proc e s s  to the  trea tme n t  o f  
r e f i n e ry wa s tewa t e r s  h a s  been incre a s i ng rap id l y  i n  r e c e n t  ye ar s . 

Many v ar ia t io n s  o f  the a c t i v a ted s l ud g e  proc e s s  are  c urren t l y  
i n  use . Example s  i nc l ud e  t h e  tapered aera t ion proce s s ,  wh i c h  ha s 
g re a te r  a i r  ad d i t i o n  a t  the i n f l ue n t  wh e r e  the oxygen d emand i s  the 
h ighe s t ; s tep a e r a t ion , wh i c h  i n t rod uce s the  i n f l ue n t  wa s te wa ter 
a long the l eng th o f  the ae r a t io n  tank ; a nd con ta c t  s t ab i l i za t io n , 
i n  wh i c h  the r e t urn s l udge to the a e r a t ion tank i s  a e r a t ed fo r on e 
to f ive hour s . The conta c t  s t ab i l i z a t i o n  proce s s  i s  us e f u l  whe r e  
t h e  oxygen d emand i s  i n  t h e  s us pe nd ed o r  c o l l o i d a l  form . The com­
p l e te l y  m i x ed ac t iv a ted s l ud g e  pl ant us e s  l arg e mechan i c a l  m i x e r s  
to m i x  t h e  i n f l ue n t  w i th the  con t e n t s  o f  t h e  a e r a t ion b a s i n , d e­
c re a s i ng the po s s i b i l i ty o f  upse ts d ue to shock l oad i ng s . 

5 .  Ro t a t i ng B i olog i c a l  Con t a c to r s  

Th e Ro ta t i ng B i o l og i c a l  Co n t a c tors proce s s  u t i l i ze s  a f i x ed ­
f i lm b iolog i c a l  reac tor cons i s t i ng o f  p l a s t i c  med i a  mo unted o n  a 
hor i zo n t a l  sha f t  and pl aced i n  a tank . Wh i l e  wa s tewa t e r  f l ows 
through the tank , the  med i a  are slowly ro ta ted , abou t 4 0  pe r c en t 
immersed , for con t a c t  w i th · the wa s tewa t e r  to remove o rg an i c ma t t e r  
b y  t h e  b i olog i c a l  f i lm tha t d evelops o n  the  med i a .  Ro ta t ion r e­
s ul t s  i n  expo s ur e  o f  the f i lm to the a tmosph e r e  a s  a me an s o f  
aera t io n . Ex c e s s  b i oma s s  on the  med i a  i s  s t r i pped o f f  by rot a­
t ional shear force s ,  a nd the s t r i pped so l id s  a r e  ma i n ta i ned i n  
s us pen s io n  b y  t h e  m i x i ng ac t io n  o f  t h e  ro ta t i ng med i a . Mu l t i pl e  
s tag i ng o f  Ro ta t i ng B i o l og i c a l  Contac to r s  i n c re a s e s  t r e a tmen t 
e f f i c i e ncy . A c ompl e te s y s t em could con s i s t  o f  t wo o r  mor e  
paral l e l  tr a i n s , e ac h  cons i s t i ng o f  mul t ip l e  s t ag e s  i n  se r ie s . 

The proce s s  h a s  been i n  use i n  the Un i te d  S t a t e s  o n l y  s i n c e  
1 9 6 9  a n d  i s  no t ye t i n  w id e s pread u s e . Us e o f  the  proce s s  ha s 
appe al , howe v e r , b e c ause o f  i t s char a c te r i s t i c  mod u l ar con s tr uc ­
t ion , l ow h yd r a ul i c  he ad l o s s , a nd s h a l low e x c a va t ion , wh i c h  make 
i t  ad aptab l e  to new or e x i s t i ng treatmen t f ac i l i t i e s . 

6 .  Se cond a ry C l a r i f i ca t ion 

Mo s t  b io l og i c al sys tems employ s e cond ary c l ar i f i c a t i o n  to 
separa te the b io l og i c a l  sol id s ( b i o- s l udg e ) to prod uce a n  e f f l ue n t  
w i th an ac ceptab l e  s uspended so l id con t e n t . In the c a s e  o f  a n  
ac t i va ted s l udge sys tem , c l ar i f i e r s  a r e  u s ed to separa te the  b i o­
s l udge for recyc l e  b ack to the aerat ion b a s i n s  w i th the  e x c e s s  
s l udge be i ng r emoved for u l t ima te d i s po sa l . 
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C l ar i f i e r s  are  g e ne r a l ly spe c i a l ly d e s i g ned l arge-d i am a t e r  
c ir c u l a r  t a n k s  e q u i pped w i th a mo to r-d r iven revol v i ng rake me c h­
a n i sm to col l e c t  and conc e n tr a te the se t t l ed s l ud g e . 

I .  Te r t i ary Tre a tme n t  

As a r e s u l t o f  the h i g h  po l l u ta n t  remov a l s  e x pe r i e nced w i th the 
e x te n s ive pr imary and secondary systems employed i n  the r e f i n in g  
i nd u s t ry , g e n e ral appl i c a t ion of  t e r t i ary t r e a tm e n t  i s  no t prac­
t i ce d . Te r t i ary sys t ems that h ave be en u s ed o r  e xper i men ted w i t h  
i n c l ud e  f in a l  f i l tra t i on and the use o f  a c t i v a ted c arbon . The s e  
sys tems are d i s c u s sed br ie f ly b e l ow . 

1 .  Granu l a r  Med i a  F i l te r s  

The r e  are s ev e r a l  typ e s  o f  g ran u l a r  med i a  f i l t er s - - s an d , d ua l  
med i a ,  and mul t imed i a . Th e s e  f i l te r s  ope r a te i n  b a s i c al l y  the s ame 
way , the o n l y  d i f f e r e n c e  be i ng the f i l te r  med i a . The s and f i l te r  
u s e s  a r e l a t i v e l y  u n i f o rm grad e  o f  sand r e s t i ng o n  a coa r s e r  ma te­
r i a l . The dual med i a  f i l te r  has  a coarse l aye r of  c o a l  above a 
f i ne l aye r o f  sand . Bo th type s o f  f i l te r s  have the probl em o f  
keep i ng t h e  f i ne f i l te r  med ia par t i c l e s  o n  the  bot tom . Th i s  p ro b­
l em is solved by u s i ng a th i rd , v ery he avy , v e ry f i ne m a te r i a l  
( us u a l l y  g arne t )  b e n e a th the coal and sand . 

As the  wa t e r  pas s e s  down through a f i l te r , the  s uspend e d  ma t te r  
i s  caug h t  i n  the po re s . Wh en the pre s s ur e  d rop thro ug h the f i l te r  
be come s e x ce s s ive , t h e  f l ow through t h e  f i l te r  i s  r e v e r s e d  f o r  r e ­
mova l  o f  the col l e c ted s o l i d s . Th e backwa sh o c c u r s  approx ima te l y  
once a d ay ,  d e pend ing upon t h e  load ing , and u s u a l l y  l a s t s  f o r  f iv e  
to e ig h t  m i n u te s .  

2 . Granu l a r  Ac t i v a ted C arbon 

Th e r e  i s  pre s e n t l y  no appl i c a t ion of a Gr an u l ar Ac t i v a te d  
Carbon sys t em i n  the re f i n i ng indu s t ry . One r e f i n e ry d id i n s t a l l  a 
g ra n u l a r  c arbon system d e s ig ned to s e rve in p l ace o f  s e cond ary b io­
log i c a l  trea tmen t .  I t  proved uns ucc e s s f ul and wa s abandone d , and a 
Ro ta t i ng B i o l og i c a l  Co ntac tor conve n t ional b i o l og i c a l  sys tem h a s  
s i nce be e n  i n s t a l l e d . 

A ma j or d r awback o f  s uch s y s t ems i s  the f a c t  tha t the i n f l ue nt 
wa t e r  mus t a l read y  h ave rece ived f a i rl y  e x t e n s i v e  tre a tm e n t  to be 
amenable  to c arbon trea tmen t .  Th i s  be i ng the c a s e , on l y  marg i n a l  
f ur th e r  improveme n t  c a n  r e a sonably be expec ted . Ano t h e r  d i sadvan­
tage is  t h a t  for a s y s t em of eve n mod e r a te s i z e , prov i s ion wo u l d  
have to b e  mad e  f o r  reg e ne r a t ion o f  the carbon . Such  sys tems have 
both h ig h  c ap i t a l  and ope ra t i ng cos t s , and it  is  un l i ke ly t h a t  t h e y  
w i l l  f i nd appl i c a t ion i n  t h e  re f i n i ng i n d u s try e x cept i n  v e ry 
spec i a l  c i rc ums tance s .  

3 .  Powd ered A c t iva ted C a rbon 

Ex pe r imental  Powd ered Ac t i vated Ca rbon ( PAC ) work h a s  b e e n  
carr i ed o u t  i n  the  l abora to ry , 3 1 , 3 2 , 3 3  on p i l o t  s c a l e  f ac i l i ­
t i e s , 3 4  a nd t o  a l im i ted e x te n t  te s t s  have b e e n  run i n  f u l l- s c a l e  
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a c t ivated s l udge trea tme n t  ( AS T )  plant s . 3 5  The s e  s t ud i e s were 
pr imar i l y  d i re c ted a t  e f fo r t s  to see whe ther or no t use of PAC , 
wo uld enhance the pe r fo rmance o f  AS T sys t ems to a c h i eve BAT l im i t s . 
Th e s e  s t ud i e s have d emo n s t r a ted tha t PAC d oe s  enhance AST sys tems 
when they are oper a ted at h igh s l udge ag e , the PAC c o n c e n t r a t ion i n  
the aera t ion t ank i s  g re a t e r  than about 4 , 0 0 0 mg/1 , and the PAC 
cons t i t u te s  5 0  percent  or mo re of the rec i r c u l a t ing sol id s . 
Typ i c a l ly , howeve r ,  h ig h  s l udge ag e ope r a t i o n  i t s e l f  h a s  b e e n  
d emon s tra ted to a c h i eve s uch exce l l e n t  e f f l ue n t  q ua l i t y  f rom t h e  
A S T  sys tem tha t e f f l ue n t  qua l i t y  g oa l s  c a n  be ac h i eved w i tho u t  PAC 
enhancemen t .  

J .  Tre a tme n t  E f fe c t i ve n e s s  

The re f i n i ng i n d u s t ry a s  a whole i s  a c h i e v i ng r emova l  e f f i ­
c ie n c i e s  o f  be t te r  t h a n  9 1  p e r c e n t  o f  t h e  conve n t i o n a l  wa t e r  po l ­
l u tant s .  Ava i l ab l e  d a t a  a l so i nd i c a te e x c e p t i o na l l y  h i g h  r emova l s  
o f  the tox i c  o r  pr ior i ty po l l u ta n t s  wi th BPT t re a tm e n t  te chno l ­
ogy . 3 6  Ranges  o f  r emoval  e f f i c ienc i e s  f o r  spec i f i c  pol l u t a n t s  by 
type of trea tme n t  have been pub l i shed by E PA . 3 7  

K .  Was tewa t e r  Red u c t ion and Re - u s e  

To t h e  e x t e n t  prac t i c a l , t h e  re f i n i ng i nd u s tr y  emp l oy s  wa ter 
u s e  con s e rva t ion and r e -use for a var i e ty of  compe l l i ng rea sons . 
One ma j or re ason i s  to red uce wa s tewa t e r  vol ume s and , a ccord i ng ly , 
the s i ze and cos t o f  con s t r u c t ion and ope r a t ion o f  t re a tmen t  p l a n t  
f ac i l i t i e s . 

On t he bas i s  o f  i nd u s try s urveys , wa s tewa t e r  f l ow vol ume s per 
barre l of c r ud e  o i l  run we re reduc ed a n  average o f  5 5  p e r c e n t  fo r 
d i r e c t  d i scharg e r s  be twe e n  the ye a r s  1 9 7 2 a nd 1 9 7 7 . 3 8  Th i s  
re f l e c t s  the f a c t  t h a t  the i n d u s t ry h a s  s u f f i c i e n t  i n c e n t i v e  to 
reduce wa s tewa t e r  vol ume s a s  a prac t i c a l  ma t t e r . I t  i s  i mpor t a n t  
t o  note , howeve r , that there a r e  a n umbe r  o f  f ac tors tha t d e t e rm in e  
the co s t  and f e a s i b i l i ty o f  f l ow red u c t ion/re- u s e  prac t i c e s  i n  a 
g i ven re f i n e ry and , accord i ng ly ,  s uc h  me a s ure s c a n  b e  proper l y  
cons idered only o n  a pl an t-by-pl a n t  bas i s . Some o f  the f a c to r s  are  
re f i ne ry s i ze , ag e , and compl e x i t y ; c r ud e  o i l  typ e ; and wa t e r  
s upply ava i l ab i l i t y  a n d  type ( s al t ,  b rack i sh , o r  f r e sh ) . 

A n umber o f  wa t e r  conserva t ion prac t i c e s  c a n  some t im e s  b e  
i ncorporated i n to re f ine ry ope r a t i on s . The se i nc l ud e : 

• Increased u s e  o f  a i r  coo l ing , wh i c h  may i n c r e a s e  e n e rgy 
cos ts 

• Us e o f  s to rm wa ter pond s for f i re wa t e r  sys tems 

• Us e of  sour wa t e r  and/or v a c u um e j e c to r  wa t e r  fo r d e s a l te r  
wa sh wa t e r  make-up 

• Use o f  s tr ipped sour wa ter for d e s a l te r  wa s h  wa t e r  mak e-up 
and/or g a s  pl an t wa sh wa ter ( fo r  c o r ro s io n  contro l ) 
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• Re pl a c em e n t  o f  b arome tr i c  cond e n s e r s  w i th s u r f a c e  c o nd en s e r s  
o r  o t h e r  v a c u um p rod uc i ng sys tems 

• Proce s s  mod i f i c a t i o n s  that  have red uced wa t e r  r e q u i r emen t s  

• Us e o f  c l osed p ump g l a nd coo l ing wa t e r  s y s tems ( th i s  i s  
g e n e r a l l y  r e s t r i c te d  t o  new i n s ta l l a t i o n s ) 

• Re- u s e  o f  wa s tewa ter t r e a tmen t  pl an t e f f l ue n t  f o r  c e r ta i n  
re f i n e ry wa t e r  u s e  appl i c a t ions  s uc h  a s  cool i ng towe r 
make-u p , p ump g land cool i ng sys tems , wash d own wa te r s , and 
f ir e  wa t e r  s y s tems . Re- u s e  o f  t re a te d  wa s te wa t e r  f o r  the s e 
purpo se s requ i re s  i nve s t ig a t io n  on an ind i v i d u a l  re f i nery 
b a s i s  to d e termine techn i c a l  a nd e co nom i c  f e a s i b i l i ty . 

V.  Sol i d s  Remova l and Dewa t e r i ng 

A .  Sources  o f  Sol i d s  

Sol i d s  c an e n te r  r e f i n e ry wa s te wa te r  f rom a n umbe r  o f  s o u rce s ,  
i nc l ud ing proc e s s  ope r a t i o n s  that  i nvolve the u s e  o r  prod uc t io n  o f  
so l id s  s uch a s  c a ta ly t i c  cracke r s  o r  coker s .  I n  many i n s tance s a 
maj or and some t im e s  predom i na n t  source o f  s o l id s i s  the wa te r s up­
ply source i t se l f .  In add i t io n , s to rm wa t e r  r uno f f  c a n  add me a ­
s ur ab l y  to so l id s  e n try . 

In add i t i o n  to so l id s  t h a t  e n te r  the sys tem , b io l og i c a l  t r e a t­
men t  o f  wa s te wa t e r  g en e r a te s b i o- s l udg e . Ano t h e r  po ten t i a l  s o u r c e  
o f  so l id s  i n  trea ted wa s tewa ter r e s u l t s  f rom t h e  g rowt h  o f  a l g ae 1 n  
pol i sh i n g  pon d s  down s tre am o f  wa s te wa t e r  trea tmen t  f ac i l i t i e s . 

B .  Tre a tmen t  

A var i e t y  o f  trea tme n t  opt ion s are u s ed t o  remove and d e wa te r  
s o l id s  i n  wa stewate r . Th e b u l k  o f  the so l id s  tha t e n te r  t h e  s e we r 
s y s t em are r emoved i n  pr imary and s e conda ry s e p a r a t ion trea tmen t 
s teps . Such so l id s  are removed a s  s l ud g e  f rom the bot tom o f  
g r av i ty separators a nd add i t ional sol i d s  are  r emoved a l on g  w i th the 
f re e  o i l  skimm i ng s  from these same sepa r a to r s  as we l l  as in the 
f l o a t  or s c um f rom a i r  f l o ta t ion un i t s . 

De wa te r i ng o f  the s e  sol i d s , wh ich con ta i n  o i l  a s  we l l  a s  wa te r , 
c an be accomp l i shed by u s e  o f  h e a t  and chem i ca l  tr e a tmen t o r  by 
s tand a rd mechan i c a l  separat ion techn iques  u s i ng c en tr i f ug e s  or f i l ­
t ra t i o n  ( pr e s s ur e , v a c u um ,  o r  g rav i ty ) . In many i n s t a nc e s , e f fe c ­
t ive d e wa te r i ng r e q u i re s  c omb ined u s e  o f  hea t , c h em i c a l  trea tmen t ,  
a nd me chan i c a l  separ a t ion . 

B i o- s l ud g e  removed f r om b io l og i c a l  t r e a tm e n t  sys tems u s ua l ly 
rece i ve s  m u l t i - s tage trea tme n t  pr ior to f in a l  d i sposa l . In s ome 
s ys tems the se sol i d s  are th i cke ned , s ub j e c ted to a e rob i c  d ig e s t i on 
( to s t ab i l i ze the sol i d s  a nd r e d uc e  vola t i l e  s o l id s ) , a nd t h e n  
mechan i c a l ly d ewa tered . The f i na l  d i spo s a l  o f  the d ewa tered 
s l udge s i s  d i s cu s s ed e l s ewhere i n  th i s  repor t .  
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VI . O i l  Recove ry and Treatmen t  

The recove ry and trea tme n t  prac t i ce s j u s t  d i s c u s s ed apply t o  
o i l  removed from the pr imary and s e cond ary s e pa r a t i o n  s t ag e s  o f  
wa s tewa te r  trea tmen t .  On e ma j o r  d i f fe r ence i s  t h a t  empha s i s  i s  o n  
r ec l a im ing the o i l  for reproc e s s i ng o r  f o r  u s e  a s  a f ue l . 

In most r e f i ne r i e s , o i l recovered f rom wa s te wa t e r  tr e a tmen t i s  
re t urned to the  coke r o r  c r ud e  o i l  uni t .  Th i s  b e i ng the  c a s e , i t  
i s  impo r ta n t  tha t e s s e n t i a l ly a l l  of  the wa te r and so l id s  f i r s t  b e  
r emove d . Accord i ng ly , trea tme n t  o f  t h e  " we t " o i l i s  g e n e ra l l y  mor e 
r ig orou s  than tha t empl oyed fo r the d ewa t e r i ng o f  so l id s . He a t  and 
chem i c a l  trea tmen t are c ommonly u s ed to " br e a k "  emul s i f i ed o i l . I n  
mos t c ase s t h e  maj o r i ty o f  the o i l t h u s  separa ted i s  s u i t ab l e  wi th­
out f ur t h e r  tre a tmen t  for re proce s s ing . The r e  u s u a l l y  rema in s , 
however , a m id d l e  l aye r o f  emul s i f i ed o i l  o r  " c u f f "  requ i r ing f ur ­
ther tre a tmen t o r  d i s posa l . Further t re a tmen t  g en er a l l y  con s i st s  
o f  mechan i c al separa t io n  by c e n tr i f ug ing o r  f i l tr a t i o n . Whe r e  
separate sol i d s  d ewa t e r i ng f ac i l i t i e s  a r e  prov id e d , t he s e  c an b e  
used to tre a t  the " cu f f "  f rom the o i l  recov e ry s ys tem . 

V I I .  E f f l u e n t  Mon i to r i ng 

N PDES perm i t s i s sued to ind i v i d u a l  re f i n e r ie s  se t fo r th the 
par ame ters and frequency of s ampl i ng a nd te s t i ng requ i r ed to d e te r­
m in e  compl iance wi th appl i c ab l e  l im i ta t i on s . In add i t io n ,  a t  l e a s t  
some pe rm i t s  spec i f y  ad d i t ional s amp l i ng and te s t i ng requ i r eme n t s  
t o  mo n i to r  t r e a tmen t p l a n t  pe r fo rmance .  Be yo nd the se spe c i f i e d  
requ i r emen t s , re f i n e r i e s  e s tabl i s h  mon i tor i n g  p rog r ams to a s s i s t  in  
the i r  ove ral l wa s tewa t e r  manag emen t  prog r ams . Fo r those parame t e r s  
inc l ud ed a s  a pe rmi t r e q u i r emen t ,  s ampl i ng a nd te s t i ng me t hods 
d e s ig na ted in  the Cod e  of Fed e ral Re g u l a t io n s  must b e  u s e d . 3 9  
There are two g e n e r a l  ca tegor i e s  o f  e f f l u e n t  mon i tor i ng : phys i ca l  
o r  chem i c al mo n i to r ing , and b io log i c al mon i to r ing . 

A .  Phys i c a l  o r  Chemical  Mon i tor i ng 

Ph ys i c al or c hem i c al mon i to r ing i nvol ve s the me a s u r emen t  o f  
parame ters s uch a s  temperat ur e , TS P ,  p H ,  BO D ,  TOC o r  CO D ,  O & G , 
phe nol s ,  s ul f id e s , ammo n i a , c ya n id e ,  a nd chroma te s .  

B .  B i o log i c a l  Mon i tor i ng ( B i oa s s ay ) 

Bioas say t e s t i ng me asur e s  the susc ept i b i l i ty o f  l iv i ng o rg a­
n i sms to the comb ined con s t i t uents  i n  trea ted wa s te wa te r . Use o f  
one o f  a var ie ty o f  d i f f e re n t  f i sh spe c i e s  i s  m o s t  c ommo n . Inve r­
tebrates  s uch as shr imp or wa ter f l e a s  ( d aphn i a ) are a l so u s ed i n  
some i n s tance s . B i o a s s ay t e s t ing requ i r e s  e x t reme c a re i n  prepara­
t ion o f  the spec i e s , the per formance o f  the a c t u a l  te s t , and i n  th e 
f inal i n terpr e t a t ion of  the resul ts . 

B ioassays are g e ne r al ly run ove r a range o f  wa s tewa t e r  con­
centrat ions to d e t e rm ine a c u te tox i c i ty e xpre s s e d  as the med i a n  
tolerance l im i t .  Th i s  conce n t r a t ion o f  t r e a ted wa s tewa te r i s  a 
s u i table  d i l ue n t  a t  wh i c h  5 0  percent o f  the t e s t  o r g a n i sms ar e 
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k i l led ove r  a spe c i f i ed pe r i od of  e xpo s ure . B i o l og i ca l l y  " sa f e " 
conc e n t r a t ions  aga i n s t  a c u t e  tox i c i ty are  g e n e r a l l y  cons i d ered t o  
b e  from one-h a l f t o  one- t h i rd o f  the med i an tol er a n c e  l im i t .  

C .  Pr i o r i ty Pol l u ta n t  Te s t i ng 

Wi th passage o f  the Cl ean Wa ter Ac t Ame ndme n t s  o f  1 9 7 7  a nd 
s ub s equen t  i d e n t i f i c a t ion o f  the  1 2 9  spec i f i c compo und s o n  t h e  
pr ior i ty po l l u ta n t  l i s t , new s ampl ing and te s t i ng req u i reme n t s  h a v e  
been e s tab l i sh e d . Spe c i f i c a l ly , re f in e r i e s  t h a t  app ly f o r  r e n e wa l  
o f  N PDES p e rm i t s m u s t  subm i t  p r i o r i ty po l l u t a n t  analys e s  f o r  the i r  
e x i s t i ng d i s c h a rge s . 

The analyt i c a l  proc e d ur e s  i nvol ve the u s e  o f  g a s  c h roma to g­
r aphy/ma ss spe c troscopy t e c h n i que s requ i r i ng v e ry soph i s t i c a ted and 
expe n s ive analyt i c a l  e q u i pment tha t is c ap ab l e  o f  me a s ur i ng e x c e p­
t ional l y  l ow concen tra t i ons . Be cause the conc e n t r a t i ons s o ug h t  are  
so  l ow , it  is  c r i t i c a l  tha t g re a t  c are be e x e rc i sed to a vo i d  ou t­
s id e  contam i n a t ion of the wa s tewa ter samp l e s  and t h a t  h ig h l y  
tra ined personnel cond uc t t h e  te s t ing . Mos t r e f i ne r i e s  d o  n o t  h a ve 
the c apab i l i ty o f  r u n n i n g  the se te s ts and r e l y  o n  o u t s i d e  l abora­
tor i e s  spec i a l i z i ng in th i s  type o f  analyt i c a l  wo rk . 

WASTE MANAGEMENT 

I .  Appl i cab l e  Laws and Reg u l a t ions 

E n v i ronme n t a l  laws a nd reg ula t ions e n ac t ed w i t h i n  t h e  l a s t  de­
c a d e  we re d e s i gn e d  to r e g u late  po l l u t a n t s  w i th i n  a s pe c i f i c  med i um . 
Mo r e  recentl y , t h e  Re source Cons e rva t io n  a nd Re cove ry Ac t o f  1 9 7 6  
( RCRA ) , and  the  Compr e h e n s i ve Env i ronme n t a l  Respons e ,  C ompe ns a t i o n  
a nd L i ab i l i ty A c t  o f  1 9 8 0  ( CE RCLA ) ( S upe r f und ) ,  un l i k e  t h e  C l e a n  
Wa t e r  A c t  or t h e  C l e a n  A i r  A c t , h a ve a t t empted a c ompreh e n s i ve 
approach to the control  of  wa s te manageme n t  prac t i c e s . These  l aws 
are b r i e f l y  d i scus s ed in Ch apte r One . RCRA ad d r e s s e s  t h e  manage­
me n t  of  new a nd e x i s t i ng wa s te ma nageme n t  fa c i l i t i e s , a nd C E RCLA 
o u t l i n e s  gove r nme n t a l  and pr ivate  a ct ions to corre c t  pa s t  wa s t e  
d i s po s a l  prob lems . 

The Na t i onal Gr oundwa t e r  S t r a tegy Prog ram be ing d eve l oped by 
E PA is a l so e xpec ted to h ave prov i s ions prov i d i ng for con t ro l l i n g  
l and po l l u t ion , ther eby pro te c t i ng g ro undwa t e r  aqu i f e r s . I t  i s  
l i ke l y  t h a t  B M P  and Good Eng ineer ing Prac t i c e s  w i l l  cons t i t u te part 
o f  the reg u l a tory c o n t ro l  s tr a tegy . 

I I .  De f i n i t ion o f  H a z a rdous Wa s te s  

Th e pr e s e n t  fed e r a l  wa s t e  manag emen t  a ppro a c h  e i th e r  i d en t i f i e s  
a wa s te a s  h a z a rd ou s , and there fore s ub j e c t  t o  r eg u l a t i o n , o r  
comp l e t e l y  e x c l ud e s  i t  f rom the regu l a to ry prog ram . Al l h a z a rd o u s  
wa s t e s  a r e  s ub j e c t  t o  i d e n t i c a l  con t ro l s , wh i c h  may f a i l  to re co g ­
n i ze t h e  s ig n i f i c a n t  d i f fe rence i n  d eg ree-o f-h a z a rd for d i f f e re n t  
ma ter i al s . Many l a rg e-vo l ume wa s t e s  i n  t h e  re f in ing s e c to r  have 
h ad to be d e f i ned as h a z a rdou s , a l tho ugh the i r  d e g re e  o f  h a z a rd i s  
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m i no r . Th i s  con t r i bu t e s  to the shor t f a l l  o f  n e e d ed capac i ty to 
d i spo se o f  truly h a z a rdous wa ste s . In mo s t  i n s tanc e s , h owev e r , 
re f i n ing wa s t e s  do no t requ i re the s ame s tr i n g e n t  d i spos a l  requ i r e ­
men ts e s t abl i shed fo r t r u l y  h a z ardous wa s t e s .  

Fur th e r  con f u s i on can a l so ar i s e  f rom d i f f e r e n c e s i n  the regu­
la tory d e f i n i t ions o f  h a z ard ous wa s te s  b e t we e n  s ta te and f e d e ra l 
gove rnme n t s . Ma ny s ta te s  have e xpre s s l y  conformed the i r  d e f i n i­
t ions o f  ha zardous  wa s t e s  w i t h  those o f  RC RA . Oth e r  s ta te s  have 
the i r  own d e f i n i t ion s , wh ich may or may n o t  b e  s u b s t an t i a l ly 
equ ivalent  to E PA ' s  or u l t ima t e l y  approved by E PA .  Some s ta t e s  
have pa ssed leg i s l a t io n  s e t t i ng u p  s t ud y  prog r ams t o  d e v e l op 
s tandards and c r i te r i a  for i d e n t i f y i ng ha z a rd o u s  wa s te s . Several 
s ta t e s  have recog n i ze d  deg ree s-o f-h a z a rd and i n co rpo rated appl i­
cable con t rol requ i r eme n t s  in  the i r  reg u l a t ions . 4 0  Un f o r t u ­
nate l y , t h e  cr i te r i a  used by the s t a t e s  f o r  s u c h  character i z a t ion 
have d i f fered w id e l y . As a re s ul t ,  s ig n i f i c an t  var i a t ions e x i s t  
among the i r  de f i n i t i ons o f  haz a rdous wa s t e  ma te r i a l s . Mo reov e r , 
new c a tego r i e s  h ave been e s t abl i shed , s uch a s  " e x treme ly h a z ar d ­
o us , "  t h a t  f u r th e r  compl i c a te t h e  manag eme n t  a n d  d i spo s a l  o f  those 
s ubs tance s .  

I I I .  Re f i ne ry Wa s tes L i s te d  as H a z a rdous Under RCRA 

Re f in e ry wa s t e s  l i s ted i n  1 9 8 1  as  ha z a rd o u s  und e r  RCRA re g u ­
l a t ions are s umma r i z e d  i n  Ta b l e  4 1 .  Th e f o l l ow i ng po s s i b l e  ch ang e s  
in  d i re c t ion are s ig n i f i c ant to the pe t ro l e um i nd u s try : 

( l )  The l i s ted h a z a rd ous wa s te s  ( K 0 4 8 ,  K 0 4 9 ,  K O S O ,  K 0 5 1 ,  and 
K 0 5 2 ) we r e  so d e s ig na ted be cause  e ach wa s t e  s tr e am typ i c ­
a l l y con ta ins  l e ad and/or chromi um . Ac cord ing to the  RCRA 
reg u l a t i ons , l e ad and chrom i um are e x trac t ion procedure 
( E P )  to x i c  me t a l s . Pre l iminary te s t i ng s ug g e s ts t h a t  E P  
l e achate from a l l  these wa s t e s  h a s  conc e n tr a t i o n s  o f  l e ad 
and/o r c h rom i um l e s s  than 1 0 0 t ime s the  Na t ional  In ter im 
Pr imary Dr ink i ng Wa ter S t and ard s .  It  i s  there fo r e  po s­
s ible  t h a t  these wa s te s  could b e  d e l i s ted in t he f u t ur e . 
EPA i s  a l so con s id e r ing re s tr i c t ing chrom i um tox i c i ty 
c r i te r i a  to the h e x aval e n t  var i e ty , wh i c h  may prov id e 
prope r e x emp t io n  to o th e r  forms o f  chrom i um i n  h a z ardous 
wa s te reg ime s . The l i s ted h a z ard o u s  wa s t e  K O S O  i s  now 
cons i d e red nonhaz ardou s i f  washed to the wa s tewa t e r  
tre atmen t  sys tem . 

( 2 )  Was tes not spe c i f i c a l ly l i s ted i n  the reg u l a t ions mu s t  b e  
tes ted to d e t e rm i ne i f  they are h a z a rd o u s  d ue t o  i g n i t­
ab i l i ty ,  corros iv i ty ,  reac t iv i ty ,  o r  E P  t ox i c i ty .  Mor e  
t h a n  four t imes a s  many pe t ro l eum was t e s  a r e  d e f i ned as 
haz ard o u s  b y  these  four charac t e r i s t ic s  than are l i s ted in  
the  reg u l a t ions . 4 l  EPA has  cons i de red ad d i ng t e s t s  for 
c a rc i nog e n i c i ty ,  mu t ag e n i c i ty ,  t e ra toge n i c i ty ,  a nd rad i o­
act iv i ty . Ad d i t ional tes t c r i te r i a  may i de n t i fy ad d i­
t i o nal pe troleum wa s tes as h a z a rd ou s . 
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TABLE 4 1  

Ha zardous Wastes o f  the Pe troleum Ref ining Industry a s  
D e f ined by the RCRA Regul ations ( May 1 98 1 ) 

L i s ted Hazardous Waste Streams ( § 2 6 1 . 3 2 )  

K048 

K0 49 

KO S O  

K0 5 1  

K052 

D i s so lved Ai r F l otation ( DAF ) F l oa t  

S l op Oil Emulsion Solids 

Heat Exchanger Bundle C l e an ing 
S ludge 

API Separator S ludge 

Tank Bottoms ( Le aded ) 

( 3 )  O i l  sp i l l s  to l and , and spe n t  a u tomo t i ve and ind u s t r i a l  
o i l s , may b e  added to the fed eral l i s t i ng o f  h a z a rd o u s  
wa s te s  and reg u l a te d  under the RCRA Par t 2 6 6  reg u l a t ions , 
wh i c h  are propo sed wa ste o i l reg u l a t io n s  s c hed u l ed to be 
p ub l i shed i n  1 9 8 2 .  A 1 9 7 8  repo r t  e s t ima ted t h a t  
1 9 6 , 0 0 0 , 0 0 0 g a l l ons per ye ar o f  wa s t e  o i l  a n d  4 1 7 , 0 0 0  
c ub i c  yards pe r ye a r  o f  o i l  sp i l l  d e br i s  a r e  g e n e ra ted by 
the pe t ro l e um i nd u s t ry . 4 2 Th e po te n t i a l  s c op e  of the 
was te o i l reg u l a t ions i s  very b ro ad and t h e re fore i t s  
impact upo n the ind u s try may b e  a m a j or one . 

( 4 )  Wa s te c r ud e  o i l  may a l so b e  covered und e r  the  propos ed 
Pa r t  2 6 6  o f  the RCRA regul a t ions , 4 3  a nd the E PA 
Adm in i s tr a to r ' s  l e t te r  to Congre s s , d a te d  Jan uary 1 6 , 
1 9 8 1 , c le ar l y  i d en t i f i e s  wa ste c r ud e  o i l as  h a zardous 
wa s t e . 4 4  In  a l l probab i l i ty ,  s uc h  new reg u l a t ions  co uld 
i n c re a s e  the  requi rements  for approve d  ha z ardous wa ste 
d i s po s a l  s i te s  manyfold . 

IV . Amou n t  o f  Wa s te s  Generated 

A n umb e r  o f  f a c to r s  may a f fe ct th e vo l ume o f  h a z a rd o u s  was t e s  
g e ne rated b y  the  pe t ro l e um r e f i n i ng i nd u s try d u r i ng t h e  nex t t e n  
ye ars . A s  a l r e ad y  i nd i ca t ed , ad d i t ions o r  d e l e t i o n s  f rom t h e  
h a z a rdo u s  wa s te l i s t  w i l l  b e  ve ry impo r t an t .  I n c re ased produc t ion , 
chang i ng fe e d s tocks s u ch a s  synfue l s , a n d  pro c e s s  mod i f i ca t ions  may 
chang e  the  vo l ume a nd ch arac t e r  of wa s te s t r e am s . C h a ng e s  i n  was te 
h a nd l i ng pra c t i c e s  w i l l  l ik e l y  reduce the amo u n t  o f  ma t e r i a l  re­
q u i r i ng s ecure d i spos a l ; for  example ,  n e u t r a l i z a t i o n  a nd d e wa te r i ng 
procedures w i l l  re c e i ve g r e a t e r  empha s i s . The r e  i s , t h e re fore , 
cons i d e r ab l e  unce r t a i n ty a s  to the amo u n t  o f  wa s te s  g e n e ra ted b y  
t h e  pe tro l eum i nd u s t ry .  
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E s t ima t e s  o f  the  amo un t s  o f  ha z a rd ou s  wa s te s  g en e r a ted by 
i nd u s t ry and the n a t i o n ' s  c omme rc i a l  d i spo s a l  c apa c i ty are s um­
mar i zed in  Tabl e 4 2 .  The re f i n i ng s e c to r  g en e r a ted l e s s  than 
5 percen t o f  t he to tal o f  ha z a rdou s wa s t e s  g e n e r a te d , a nd used 
only 1 . 4  perc e n t  o f  the ava i l abl e ( 1 9 8 0 ) o f f s i te c omme rc i a l  d i s­
pos a l  capac i ty .  Al l i nd u s t ry used l e s s  than 2 4  p e r c e n t  o f  the 
e s t ima ted ava i l ab l e  o f f s i te c ommerc i a l  d i spo s a l  capac i ty in 1 9 8 0 .  

TABLE 4 2  

I ndus tri a l  Hazardous Waste Generation and D i spo s a l  -- 1 9 8 0  

National Commerci al D i sposal Capa c i ty ,  Total 

Landf i l l  
Other ( e . g . , Incineration , Deep W el l )  
Total 

Natio nal I ndus tr i al Sources 

Total Generation 
Dispo sal Offsite 
Percentage of Na tio nal Commercial Capacity Used 

Ref i ning Sector Sources 

Total Generation 
Di spo sed Offsite 
Percentage of Natio nal Comme rcial Capa c i ty Used 
Percentage of Total Offs ite Disposal 
Percentage of Total I ndus tr ial Hazardous Wastes 

Thousands 
of WMT t 

2 7 , 6 0 4  
1 2 , 7 5 4  
4 0 , 3 5 8 

4 1 , 2 4 0  
9 , 4 8 5  

1 , 9 0 1 
5 7 0  

Percentage 

2 3  
2 3 . 5  

3 0  
1 . 4  
6 
4 . 6  

* Source of data : Booz , Al len and Hamilto n ,  Incorporated , and Putnam ,  Haye s 
and Bartlett , I ncorporated , for the u . s .  Environmental Prote ction Agency , 
Hazardous Waste Generation and Commercial Hazar dous Waste Management C apacity 
An Assessment , December 1 9 8 0 .  

twMT = wet metric tons . 

Wh i l e  the a foreme n t ioned d a ta prov ide a re f er e nc e  po i n t  for 
e s t ima t i ng the amoun t o f  h a z a rdous wa ste g e n e r a te d  by r e f i n e r i e s , 
the acc uracy o f  the  e s t ima te has  been que s t ioned by i nd u s t ry 
g roups . Ot h e r  sources are a l so con s id ered to be poor d a ta b a s e s  
for e s t ima t i ng the  c urrent s i t ua t io n . The s e  l a t t e r  sources  i nc l ud e  
the 1 9 7 6  Ja cobs s t ud y , 4 5  a s urvey by Eng i ne e r i ng Sc i e n c e , 4 6  a nd 
a s urvey o f  Canad i a n  re f i ner i e s . � 7 Th e Jacobs s t udy re por te d  
d ata f rom a 1 9 7 4  s urvey o f  only 1 6  r e f i ne r i e s  repre s e n t i ng 1 8  per­
cent o f  U . S  re f i n i ng capac i ty .  Th e Eng i ne e r i n g  Sc i ence  s t udy 
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repo r ted d a t a  f r om a 1 9 7 6  s tud y o f  7 8  re f i n e r i e s  repr e se n t i ng 
5 7  pe rcen t o f  U . S . capac i ty ,  but the d a t a  base wa s pr i o r  to wa s t e  
q uan t i t i e s  g e n e rated by 1 9 7 7  B PT f ac i l i t i e s , e s t imated pr i o r  to 
RCRA d e f in i t ions , and does  no t accoun t  fo r d e l i s ted s tr e ams . Th e 
Ca nad i an s t ud y  accoun t s  for 1 0 0 percent o f  the Canad i a n  r e f i n e r i e s  
i n  1 9 8 0  and t h e  re s u l t s  s ug g e s t  that e ar l i e r  U . S .  s t ud i e s  s ig n i f i ­
c an t l y  und e re s t imated the amo u n t  of  ha z a rdous  wa s t e s  g e n e r a te d . 
Clearly , a be t te r  d a t a  base i s  needed for the re f in i ng sec to r . 

V .  Pre s e n t  Wa s te D i sposal  P ra c t i ce s  

Seve r a l  d i s po s a l  op t ions a r e  pre s e n t l y  u s e d  for pe t role um 
waste s . Th e mor e  preva l e n t  are l and f i l l ing , l and t r e a t ing , a nd 
rec l ama t ion . Inc i n e r a t ion i s  c urren t l� u s ed f o r  o n l y  a sma l l  pe r­
centag e of pe t ro l e um re f in i ng wa ste s . 4 Few c ha ng e s  i n  t r e a tm e n t  
technology a l terna t ives  a r e  e xpe c t ed t o  eme rge i n  r e s ponse t o  d e­
mand s r e s u l t i ng f rom t he RCRA d i spo sal reg u l at ions . Howe v e r , the  
RCRA reg u l a t io n s  may u l t ima te ly c ause a s h i f t  i n  the  t r e a tmen t 
me thodo l ogy u t i l i ze d , f rom l and d i spo sal to inc i n e r a t i o n . In­
c reased use of s uch proce s s e s  a s  o i l  recove ry and d ewate r i ng , a s  
we l l  a s  s t r i c te r  source c ontrol me a s ur e s , w i l l  red u c e  the  quan t i ty 
of  sol ids  requ i r i ng s pec i a l i zed ha za rd ous wa s t e  d i spo s a l .  

Tabl e 4 3  i s  spec i f i c to r e f i n e ry wa s t e  s tr e ams and e s t i ma t ed 
perce n tag e s  o f  ons i te and o f f s i te wa ste d i spo s a l  by me thod . La nd­
f i l l i ng i s  pre se n t ly the mos t  w id e ly used me thod f o r  d i spo s ing o f  
pe trol e um r e f i n e ry wa s te s . 

TABLE 4 3  

Estimates of Refinery waste 
Disposal Methodologies Utilized -- 1 973  and 1 98 3 *  

( Percentages ) 

Disposal 
Procedure 

Landfil ling 

Lagooning 

I ncineration 

Land Treatment 

Total 

Onsite 

1 6 . 8  

1 8 . 3  

0 . 8  

8 . 4 

44 . 3  

1 97 3  
Off site 

34 . 3  

2 1 . 4 

0 

0 

55 . 7  

1 983 
Onsite Off  site 

24 20 

1 2  7 

3 0 

34 0 

73 27 

*Source of data : Jacobs Engineering Company , "Assessment of 
Hazardous Waste Practices in the Petroleum Refining Industry , "  
June 1 9 7 6 . 
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La nd treatment  ( or l and f arm i ng ) i s  a r e l a t i v e l y  i n e xpens i v e  
tre a tmen t/d i s po s a l  me thod be ing used b y  a g ro w i ng n umbe r  o f  f ac i l i­
t i es for d i spo s i ng o f  o i l y  waste s l ud ge s . La nd t r e a tm e n t  may be 
used for trea tmen t/d i spos a l  o f  wa s te s  s uch as b i o l og i c a l  trea tmen t 
sol id s ,  AP I separato r  sl udge s ,  tank bot toms , s l op o i l  emu l s ion 
sol ids , and f lo t a t ion f loa t . Land tre a tme n t  i s  a proc e s s  whe r e by a 
control led amoun t  o f  wa ste i s  spread and m i x ed by c u l t i v a t i ng i t  
i n to the s ur f ace so i l  a t  a d i sposal s i t e . Deg r ad a t ion o f  o rg a n i c  
wa stes  i s  carr ied o u t  by natur a l l y  occurr ing m i c rob i a l  ac t i v i ty and 
chem i cal or photoch e m i c a l  proc e s s e s  und e r  prop e r  con t ro l s .  Land 
treatment is almo s t  e x c l u s ive ly cond uc ted ons i te or a t  s i te s  owned 
or con t rol l ed by the re f i ne r . The indus try be l i e ve s  t h a t  l and 
treatment may be the mos t  env i ronme n ta l l y  acceptab l e  t r e a tme nt/ 
d i spo s a l  me thod for o i ly wa s te . 

With i n  the re f i n i ng i n d u s t ry , p i t s , pond s , a nd l ag oons a re 
be i ng phased out as d i spo sal me thod s . More s tr i ng e n t  r e g u l a to ry 
req u i reme n t s  have caused a s h i f t  to l and tre a t i ng and l and f i l l ing 
d i spo sal te chno l og i e s . In the future , howe ve r , the  RCRA r eg u l a­
t i on s may re s u l t  i n  a s h i f t  f rom l a nd d i spos a l  to i n c i n e r a t io n . 

In c i nera t i o n  i s  a po te n t i a l  d i spo s a l  me thod f o r  DAF s l ud g e , A P I  
separa tor s l udg e , s l op o i l  emu l s ion sol id s , a nd o t he r o i ly wa s te s . 
I t  i s  r ar e l y  u s e d  at pr e se n t , because inc i n e r a t i o n  i s  more cos t l y  
and energy i n te n s ive t h a n  l and d i spo s a l  me thod s . 

VI . C apac i ty -- E x i s t i ng and P ro j e c ted 

RCRA requ i r e s  that s i te s  for the s torag e , t r e a tmen t ,  or d i s­
posal o f  h a z a rdous  wa s t e s  be manag ed to pro te c t  the p ub l i c heal th 
and env i ro nmen t .  As a consequence of s tr i ng e n t  r e g u l a t ions  tha t 
took e f fe c t  i n  No vember 1 9 8 0 ,  many e x i s t i ng d i spo s a l  s i te s  c l osed 
or d i scon t i n ued accept i ng h a z a rd ous wa s te s . A sho r t ag e  o f  approve d 
l and f i l l s al ready e x i s t s  i n  many areas o f  the  coun try . To compo und 
the prob l em ,  pe rm i t  r u l e s  and l ocal p ub l i c  oppo s i t io n  are re s tr ic t­
i ng the construc t ion of new f ac i l i t i e s . Th e r e s u l t ing sho r t f a l l o f  
ha zardous wa s te tre a tmen t/d i spo sal capac i ty w i l l  adver s e l y  impac t 
f ut ur e  pe tro l e um i nd u s try ope r a t i ons . 

The s i t i ng pro b l em has  many f a c e t s . The d e f in i t io n  o f  wh a t  i s  
ha zardous s ub s tan t i a l l y  i n f l uences the vol ume o f  h a za rd ou s  wa s te s  
g enerated , and , i n  tur n ,  t he d emand f o r  d i spo s a l  c apac i ty i n  s e c ur e  
fac i l i t i e s . Ye t ha za rd ous pe trole um wa s te s  d o  no t po s e  e n v i ro n­
men tal r i sks as g re a t  a s  s ub s tances l ike pe s t i c id e s . Pe rm i t  
cr i te r i a  that  l im i t ava i l ab l e  d i sposal  a l terna t i v e s  w i l l  f urther  
agg ravate the  c apac i ty sho r tag e . Fo r e x ampl e ,  r eg u l a t i o n s  propo sed 
i n  1 9 8 1  wo uld s e ve r e l y  c ur ta i l  ongo i ng l and d i s po s a l  of i g n i tabl e 
a nd o i l y  pe tro l e um wa s te s . Re s t r i c t io n s  o n  s i te l o c a t i o n s  w i l l  
i ncrease the propo r t i o n  o f  o f f s i te d i s po s a l  a s  i n d u s t r y ' s o n s i t e  
c apac i ty i s  cons umed . Di spo sal cos t s  w i l l  r i se accord i ng l y . 
Final ly , l oc a l  proh i b i t ions aga i n s t  new fac i l i t ie s  f r u s t r a t e  
c ompl iance b y  d en y i ng i n d u s t ry t he neces sary d i spo s a l  c apac i ty . 

Ta b l e  4 4  e s t ima tes  t he capac i ty ,  by E PA r eg ion , o f  o f f s i te 
comme rc i a l  h a z a rd ou s  wa s te d i s posal  f ac i l i t ie s . Compar i so n  o f  
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TABLE 44 

Comparison of 1 98 1  Of f s it e  Capacity Demand and Supply 

by EPA Region and Proj ected C apacity Expansions * 

( Thousands of Wet Metric Tons ) 

Mo st 

Probable 

Of f s ite 

EPA Demand 

Region in 1 9 8 1  

I 580 

I I  1 , 02 2  

I I I 92 2 

I V  1 , 3 58 

v 2 , 5 1 7  

VI 1 '  3 46 

V I I  440 

V I I I  1 54 

I X  896 

X 5 0 3  

Est imat ed 

Annual 

Capa city 

at the 

Beginning 

of 1 9 8 1  

2 1 8 

2 '  1 39 

1 ' 2  02  

2 , 0 2 8  

2 1 8 

2 , 7 59 

3 1 8 

D i f f er en c e  

-3 62 

1 ' 1 1 7 

2 8 0  

2 0 8  

-489 

6 , 635  

- 2 2 2  

- 1 54 

1 '  863  

- 1 85 

* sour c e  of data : Booz , Al len and Hami lton , Incorporated , 

and Put nam , Hayes and Bar tlett , Incorporat ed , for th e u . s .  
Environmental Protection Agency , Hazardous Wa ste G en eration 

and C ommercial Hazardous Was t e  Management C apacity -- An A s s es sment , 

December 1 980 . 
t The land treatment c apacity of Region IV i s  included in th e 

Region VI estimat e .  

c apac i ty s uppl y  a nd d emand , a t  t h e  reg ional l e ve l , i l l u s t r a te s  t h a t  
ne i ther  i s  e v e n l y  d i s tr i bu te d . Some areas o f  t h e  c o u n t r y  face 
l i t t l e  or no imme d i a te sho r t fa l l  prob l em , wh i l e  o the r s  ( Re g ion V ,  
for e x ampl e )  are pre s e n t l y  e xper ienc i ng l o c a l  capac i ty s ho r t f al l s . 
Transpo r t a t i o n  cos t s  f o r  sh i pp ing l arg e vol um e s  o f  wa s t e s  l ong 
d i s tance s to ava i l ab l e  capac i ty in ano t h e r  l oc a t i o n  may be e conom i ­
c al ly un fe as i b l e . S u c h  sh i pmen t s  wi l l  a l so i n c re a s e  t h e  po te n t i a l  
for acc i d en t s  and s p i l l s .  Th us , d e sp i te an appar e n t n a t ional 
adequacy , l oc a l i ze d  shor t fa l l s  are i nd i c a te d  to be a s i g n i f i c an t 
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obs tacle  to proper ha z a rdous  wa s te d i spo sa l . There i s  a need to 
match the loc a t io n  of h a z a rdous  wa ste manag eme n t  f a c i l i t i e s  wi th 
the needs for d i s pos a l . In other  word s , r e g ional  ava i l ab i l i ty doe s 
not a l ways so lve a local  sho r tag e . 

F i g ur e  5 5  i l l u s t ra te s the g eog raph i c  l oc a t i o n , i n  June 1 9 8 0 , o f  
e x i s t i ng c omme rc i a l  trea tme n t  and d i spo s a l  f a c i l i t ie s  w i t h i n  the  
Un i ted S t a te s . Many c omme r c i a l  ha zardous wa s te manag eme n t  f a c i l i­
t ie s  have s i nce c l o s e d . For e x ampl e , i n  1 9 8 0 ,  1 4  ha z a rd o u s  wa s t e  
d i spo sa l  fac i l i ty ope rators we re i d en t i f i e d  a s  ope r a t i ng i n  Reg ion 
I x . � 9 Of the s e  1 4  f ac i l i t ie s , four h ave b e e n  c lo se d , t wo a c c e p t  
o n l y  l im i te d  type s o f  wa ste s ,  and two m o r e  are the t a rg e ts o f  
n umerous c i t i ze n  c ompl a in t s . Wi t h i n  Reg io n  V ,  e ig h t  f ac i l i t ie s  
wer e  repo r ted ly ope r a t i ng i n  Ind iana . Thr e e  o f  the  e ig h t  f ac i l i­
t ie s  have b e e n  c losed or are the s ub j e c t  o f  an en forceme n t  ac t io n  
by E PA .  Th ree ad d i t ional f a c i l i t i e s  are und e r  inve s t ig a t io n . 

Se veral other  factors  wi l l  compound the imm i n e n t  sho r t fa l l  
probl em i n  the n e x t  1 0  ye ar s . The RC RA p e rm i t  r e g u l a t ion s may 
req u i r e  that the pe tro l e um i nd u s t ry c ha ng e f r om l and d i spo s a l  to 
i nc inerat ion to d i spose o f  i t s  ha zard ous wa s te s . The r e fore , a 
g re a ter number of  ha zardous wa s te inc i ne r a to r s  may b e  need ed . 
Un fort una tely , p ub l i c  oppo s i t ion has  re s u l t ed i n  a n umbe r  o f  s ta te 
a nd local  l aws t h a t  e f f e c t i vely b an the cons t r u c t i o n  o f  new h a zard­
ous wa s te man ag eme n t  f ac i l i t ie s . Sho uld these trend s con t i nu e , the  
neces sary s i t i ng and construc t io n  wi l l  no t o c cu r . Ad d i t io n a l  
d emand f o r  ha zard o u s  wa s t e  man ag eme n t  f ac i l i t ie s  m a y  a r i se whe n 
C ERC LA-a f fe c te d  abandoned s i te s  are c l e an ed up . 

V I I . S ta te and Loc a l  S i t ing Contro l s  

Pub l i c oppo s i t io n  to new f ac i l i t i e s  i s  t h e  m a j o r  obs ta c l e  to 
the s i t i ng of n ew h a za rd ous wa s t e  man ag eme n t  f ac i l i t ie s . A 1 9 8 0  
pub l ic op i n ion s urvey c o nd u c ted by the Wh i te Ho use Counc i l  on 
Env i ronme n t a l  Qua l i ty fo und that a ma j o r i t y  of c i t i z e n s  e nd o r se d  
t he need fo r new , we l l- r un d i spo sal f ac i l i t i e s ,  b u t  o n l y  i f  they 
wer e  l oca ted 1 0 0  m i l e s  f rom the i r  home s . The p ub l i c  f e a r s  g ro un d ­
water contam in a t i o n , a ir po l l u t i on , c anc e r , a nd b i r th d e fe c ts . 
RCRA S ub t i tl e  C p e rmi t t i ng r eq u i r e s  p ub l ic par t i c i pa t io n . Loca l 
oppo s i t i o n  by s uc h  means a s  zo n i ng ord inan c e s  c an c a u s e  n umerous 
d e l ays in  the pe rmi t t i ng p roce s s , e f fe c t i v e l y  proh i b i t i ng co n­
s truc t io n  of  a n ew f ac i l i ty .  For e x ampl e ,  l oc al oppo s i t i o n  to the 
s i t i ng of a ha zard ous wa s te f ac i l i ty in M i c h i g a n  has e sc a l a ted the 
c on trov e r sy to the s t a te s upr eme court . 

Wh i l e  s ta te s  g eneral ly h av e  leg i s l a t iv e  p r e rog a t i v e  to pa s s  
l aws that  pr e -emp t l o c a l  zon i ng bans aga in s t  n e w  h a z a rd ous wa s t e  
manag em e n t  fac i l i t ie s , mos t  sta te s a r e  he s i tan t t o  d o  so . Mo re 
s ta te s  h ave pa s s ed l aws re s tr i c t i ng o r  bann i ng the con s t r u c t ion o f  
new haz ardou s wa s te s i te s  than have pa s sed pre-emp t iv e  l eg i sl a t i o n . 
Pr e-emp t ive l eg i s l a t ion i s  s t i l l s ub j e c t  to l oc a l  pol i t i c a l  pre s ­
s ur e . In an a t tempt to so lve the s i t ing pro b l em , s e v e r a l  s t a te s  
have e s tabl i shed s i t i ng board s , wh ich prov ide for p ub l i c  par t ic i­
pation and have the autho r i ty to pr e-emp t  l oc a l  re s t r i c t io n s  
( Mich igan , Wi scon s i n , Ind iana , New Yo rk , Wa s h i ng to n , N e w  Je rsey , 
and Ma ssachuse tt s ) . 
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F i g u re 55.  Geog rap h i c  Locat ions of A l l  I d e nt i f ied Com m erc ia l  Hazard o u s  
Waste Management  Fac i l i t i es-J u ne 1 980.  

NOTE: I nc ludes faci l i t ies engaged i n  the treatment and d isposal of hazardous waste for a fee, but does not inc lude solvent buying, 
sel l i ng ,  o r  recovery operat ions or storage and transfer stations that may be hand l ing wastes classif ied as hazardous; subsequent 
to June 1 980, a number of these faci l it ies c losed or  restricted their operations wh i le a few started operations. 

SOURCE: Booz, Al len and Hami lton, I ncorporated ,  and Putnam, Hayes and Bartlett , I ncorporated , for the U .S .  Environmenta l  
Protection Agency, Hazardous Waste Generation a n d  Commercial Hazaraous Waste Management Capacity-An Assessment, 
December 1 980. 



Th e fed eral g ov e r nme n t ,  v i a C ERC LA l eg i s l a t io n , h a s  a t tempted 
to prov ide i nc e n t ives for e ach s ta te to e n s ur e  the s i t i ng of n e w  
haz a rdous wa s t e  f a c i l i t i e s . CERC LA p r e v e n t s  a s t a te f rom acqu i r i ng 
federal  g r an t  mon i e s  i f  that  s ta te doe s no t have acce s s  to a t  l e a s t  
one hazardous wa s te d i spo sa l  fac i l i ty l oc a ted i n  t h e  s t a te . Lo c a l  
and s ta te author i t ie s  h ave no t as ye t ad equa te l y  add re s s ed t he 
s i t i ng pro b l em . 

On e approach to the so l u t ion o f  the po te n t i a l  l a ck o f  d i spo s a l  
f ac i l i t i e s  i s  l e g i s l a t ion to e s tabl i sh a n d  c o n t ro l  s uch f ac i l i t i e s  
i n  a manner s im i l ar to tha t o f  publ i c  tru s t s . Pr i v a te o r  pub l i c l y  
owned h a z a rd ous wa s t e  d i s po s a l  corpo r a t ions wo u l d  be enco uraged by 
appropr i ate f ed eral  and s t a te l eg i s l a t i o n  to e s ta b l i sh a nd oper a te 
d i spo s a l  s i te s  on prope r l y  d e s ignated l a nd s . Proper s ched u l e s  o f  
charg e s  fo r d i spo sa l , tog e ther wi th a r e g u l ated pro f i t  marg i n , 
wo uld be a u t hor i ze d . Prope r comp l i ance w i t h  cons t r uc t io n , oper a ­
t io n , ma i n tenanc e , r ecordke e p i ng , a nd c l o s u r e  s tand ard s wo u l d  b e  
ass ured und e r  t e rms o f  the s i te con tra c t  a s  we l l  a s  reg u l a tory pr o­
v i s i ons in the e nab l i ng l eg i s l a t ion . Af t e r  f i n a l  c l o s ur e , the l and 
wo uld r e ve r t  to the f e d e r a l  and/or s ta te g overnmen t  for s t ab i l i z a­
t io n  and conta i nme n t  o f  the wa ste i n  pe rpe t u i ty . Su c h  an o rg an i z a­
t io n  could ass ure the n a t ion tha t ha z a rdous  wa s te s  wo u l d  be hand l e d  
s a f e l y  a nd i n  compl i ance w i th a l l  app l i c a b l e  c o n t r o l  requ i remen t s . 

V I I I . RCRA P e rm i t  Requ i reme n t s  

RC RA perm i t  requ i reme n t s  w i l l  s ig n i f i c an t l y  a l te r  t he s uppl y 
and d emand for ha z a rdous  wa s te man ag eme n t  f ac i l i t ie s . The s uppl y  
o f  these f ac i l i t i e s  w i l l  be red uced because some e x i s t i ng f a c i l i­
t i e s  w i l l  f i l l  to c apac i ty ,  wh i l e  o th e r s  c anno t c omply w i t h  t h e  
r eg u l a t i o n s  and the r e fo re m u s t  c l ose . Th e d emand f o r  h a z ardous 
wa ste man ag eme n t  f ac i l i t ie s  may increase a s  mor e  wa s te s  a r e  d e f i n ed 
a s  ha zardous und e r  RC RA a nd must  be manag ed a c cord i ng ly . 

A b r i e f h i s to ry o f  E PA ' s  l and d i spo s a l  reg u l a t io n s  ( wh i c h  had 
no t been promulga ted a s  of Dec embe r  1 9 8 1 ) i l l u s tra te s the vac i l la t­
i ng reg u l a to ry f r amewo rk o f  the RCRA h a zardous  wa s te manag eme n t  
prog r am .  Ear ly i n  1 9 8 1 ,  E PA proposed l and d i s po s a l  s ta nd ard s fo r 
own e r s  and ope rators o f  h a z a rdous  wa ste s t o rag e , t r e a tmen t ,  and 
d i s po s a l  f ac i l i t i e s  und e r  Par t 2 6 4  o f  RC RA . Th e g o a l  o f  the s e  
reg ul a t io n s  i s  to pro te c t  our n a t i o n ' s  g roundwa te r , b u t  the re­
qu i r emen t s  of the proposed l and d i spo s a l  reg u l a t ions  were t e c hn i­
c al ly u n a t t a i nabl e .  Af ter nume rous pub l i c  c omme n t s , t he Ag ency 
d e c ided to recon s id e r  the s e  r e g u l a t ion s a nd to s urvey t h e  l and 
treatme n t  and d i spo sal prac t i c e s  of  several  ma j or i nd u s t r i e s . EPA 
pro j e c ted re propo s a l  o f  the l and d i s po s a l  reg u l a t io n s  i n  1 9 8 3 .  
Howe v e r , t he u . s .  Di s t r i c t  Cour t o f  the Di s t r i c t  o f  Col umb i a  has  
ord e red E PA to prom u l g a te f in a l  reg u l a t ion s by Febr uary 1 ,  
1 9 8 2 . 5 0  EPA h a s  b e e n  o rd e red to prom u l g a te r eg u l a t io n s  w i tho u t  
t h e  bene f i t  o f  spec i f i c  wa s te s tre am a s se s smen t s , wh i ch wo u l d  
f ac i l i ta te a d eg ree-o f-h a z a rd reg u l a to ry approach . I t  i s  l i ke ly 
that any reg ul a t ion promulga ted to mee t  t h i s co ur t - i mpo sed d e ad l i n e  
w i l l requ i re mod i f i c a t ion and a t  l e a s t  admi n i s tr a t iv e  i n terpre­
ta t ion for qu i te some t ime d ur i ng the n e x t  d e c ad e . 
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Unde r  Par t 2 6 4  o f  RCRA and o th e r  f ed e r a l  l aws s uc h  a s  t he 
Coas t a l  Zo ne Manag emen t Ac t ,  E PA r eg u l a te s  the l o c a t i o n  o f  h a zard­
ous  wa s t e  man ag emen t  f ac i l i t i e s . Spec i f ic al ly , the  Par t 2 6 4 
r eg ul a t ions  may proh i b i t  the e x pans ion o f  an e x i s t i ng f a c i l i ty o r  
the con s tr uc t i o n  o f  new fac i l i t ie s  depend e n t  u pon se i sm i c  cons i ­
d e r a t ions  a n d  f l oodpl a in d i s tance s . In add i t ion , E PA i s  t empo­
rar i l y  d e f e r r i ng a f i n a l  r e g u l a t ion on s i t i ng re s tr i c t io n s  i n  
coas t a l  h ig h  h a z a rd areas . S i te s e l e c t io n  r e s t r i c t io n s  c o u l d  
res u l t  i n  i nc r e a s ed transpor t a t i o n  cos ts for ha z a rd ou s  wa s t e  d i s­
posal , par t i c u l ar l y  i n  the coas t a l  reg ions , wh e r e  mu c h  o f  the 
pe t ro l e um i n d u s t ry is pre s e n t l y  loca ted . 

F i nal ly , E PA i s  pred i c t i ng that the f i n a l  permi t r e g u l a t i ons 
w i l l  not be pr om u l g a ted for several ye ars and t h a t  i t  w i l l  need 
appro x i ma t e ly f ive ye a r s  to proces s the permi t appl i c a t ions  and 
i s s ue al l the pe rm i ts . The s e  admi n i s t r a t i v e  d e l ays w i l l  only 
aggravate the  d i s po s a l  capa c i ty shor t f al l .  

I X .  F u t ure Trend s 

The RCRA reg u l a t ions o f  g r e a t e s t  s i g n i f i c ance to the p e t ro le um 
i nd u s t ry are no t ye t promu l ga ted , and the rema i n ing c apac i ty a t  
pr iva te and c omme r c i a l  h a z a rdous wa s t e  d i spo s a l  s i te s  i s  u n c e r ta i n . 
Th us , any a s s e ssme n t  o f  the impa c t  o f  s i t i ng on th i s  i n d u s try ' s 
ope r a t ions i s  somewh a t  tenuou s . I t  i s  e s t ima ted t h a t  the pe t rol e um 
i nd u s t ry c u r r e n t l y  hand l e s  about 7 0  p e r c e n t  o f  i t s  own RCRA h a z a rd ­
ous wa s t e . By 1 9 8 3 ,  i t  has  been pro j ec ted tha t roug h l y  h a l f o f  the  
o ns i te wa s t e  w i l l  be l and f armed and the  re s t  w i l l  be pl aced in  
land f i l l s . Prop e r l y  ope rated l and f arms could con t i n ue to be u se d  
a lmos t  i n d e f i n i te l y . Wi tho u t  a n  e f f e c t i ve me chan i sm f o r  s i t i ng new 
ha zard ou s  wa s te l a nd f i l l s , it  is  pro j e c ted that e x i s t i ng l and f i l l  
capac i ty w i l l  be g e n e r a l ly exhaus ted w i t h i n  the n e x t  s e v e r a l  year s . 

Th e po te n t i a l  ex i s t s  for the shor tag e o f  h a z ardous wa s t e  d i s­
pos a l  s i te s  to pos e  c r i t i c a l  probl ems to th i s  i n d u s t r y ' s  ope r a­
t ions . Th e RCRA r eg u l a t ions wi l l  probably b e  e xpand e d  to en comp a s s  
wa s te o i l s  a n d  o t h e r  s ub s tances tha t we re no t pre v i o u s l y  d e s i g n a te d  
a s  h a z ardous , thus  i ncreas ing t h e  vol ume o f  ha z a r d o u s  wa s t e s  t o  b e  
d i spose d . On the  other  hand , the RCRA permi t reg u l a t ion s , as  
propo s ed , e f f e c t ively proh i b i t  the l and d i spo s a l  o f  o i ly wa s te s . 
Sho uld th i s  reg u l a t ion become e f fe c t ive , the amo u n t  o f  ha z a rd o u s  
wa s t e s  t h a t  we r e  l and f i l l ed or l and trea ted mu s t  b e  sh un ted to 
inc i n e r a to r  d i s po s a l  un i t s . I t  sho uld b e  noted t h a t  c omme r c i a l  
i nc i n e r a t ion capac i t i e s  are pr e s e n t l y  n e ar ce i l ing and t h e  r e f i n ing 
s egme n t  has  on l y  m i n imal i n c inerat ion capac i ty . 

Publ i c  oppos i t ion has  e f f e c t i ve l y  re s t r i c ted the  s i t i ng o f  n ew 
h a z a rd ou s  wa s te f a c i l i t i e s , be they inc i ne r a to r s  o r  l and f i l l s . 
Fed eral  and s t a t e  g overnme n t s  mu s t  take a c t ion to e n s u r e  t h a t  t h i s  
sho r tag e i s  r emed i e d . 

In sp i te o f  wh a t  appears to be a rather pe s s im i s t i c  a c c o u n t  o f  
the probl ems that  a r e  f aced i n  manag ing the p rope r d i spos a l  o f  
h a z ardous pe trol e um wa s t e s , a s  we l l  as  b l e ak f o re c a s t s  f o r  the 
f u t ur e , the u.s. pe t rol e um i n d u s t ry has  i n  the pa s t  and w i l l  i n  the 
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f uture respond w i th po s i t i v e  and prog re s s i v e  remed i a l  prog rams i f  
the prope r c l ima te i s  ava i l abl e wi th i n  the re g u l a to ry s tr uc t ur e . 

Th e pre s e n t l y  ava i l ab l e  in forma t ion reg ard i ng pe tro l e um in­
d u s t ry ha zard ou s  wa s te is  l imi te d . An i n d u s t r y -w i d e  wa s te i n ve n­
tory i s  needed to i d e n t i fy ha z a rd o u s  wa s t e  s t r e ams by ope r a t ion or 
source and vo l ume . Dispo s a l  cost  i n forma t ion s h o u ld a l so be i n­
c l uded i n  such a s urvey . 

La nd f a rm i ng , b io-o x i d a t ion , compo s t ing , a nd re l a ted l ow c os t , 
s e l f -s u s ta i n ing , h i g h l y  e f f i c i e n t , and env i ronme n t a l ly enhanc ing 
techno l og i e s  wi l l  be the bas i s  for h a z a rd o u s  wa s t e  d i spo s a l  sys tems 
for the n e x t  g e n e r a t ion . In  many par t s  o f  the  c o u n t ry , t h e s e  
me thod s c an be impl eme n ted on prope rty t h a t  i s  owned a n d  contro l l ed 
by the pe t ro l e um compan i e s  wi thout enc roach i ng o n  pr i v a t e  o r  
mun i c ipal d oma in s . Strong e r  s uppo r t  b y  b o t h  f e d e r a l  and s ta t e  
gove rnme n t  i s  nec e s s a ry f o r  the d e ve lopme n t  o f  the s e  t e ch nolog i e s . 

ENVI RONM ENTAL E XPENDI TURES 

Th e pe tro l e um re f i n i ng i nd u s try has a cons i s t e n t  and sus t a i ned 
record o f  env i ro nme n t a l  e xpend i t ures  a s  s hown by the  d a ta in Tabl e 
4 5  f rom the annua l A P I  s urvey . 5 1  Ove r  the pa s t  d e cad e the i nd u s­
try has i n ve s ted ove r $ 5  b i l l ion i n  env i ro nme n t a l  f ac i l i t ie s , 
a lmo s t  $ 8  b i l l io n  i n  ope rat ing the f ac i l i t ie s , a nd two- t h i rd s  o f  a 
b i l l ion d o l l ar s  i n  r e se arc h . The to t a l  e xpend i t ur e s  o f  $ 1 3 , 6 5 5 
m i l l ion spe n t  by the r e f i n ing sec tor repre s e n t s  abo u t  6 5  p e r c e n t  o f  
the to t a l  pol l u t ion control e xpend i t ure s by the i n d u s t ry . 

Cap i t al spend ing for wa ter pol l u t ion aba t eme n t  peaked i n  1 9 7 6 -
1 9 7 7  a s  r e f i n e r s  upg rad ed the i r  wa ter t r e a tm e n t  f a c i l i t i e s  to 
ass ure mee t i ng the Ju ly 1 ,  1 9 7 7 ,  NPDE S  pe rm i t r eq u i r ement s .  Cur­
ren tly , RCRA and CERC LA are an t i c ipa ted to i n c r e a s e  env i ro nme ntal 
expend i t ure s ma rked ly i n  the l and ( o the r ) c a t egory . Cap i ta l  
e xpend i t ures  fo r a i r  po l l u t ion aba teme n t  fac i l i t i e s  averag e d  more 
than 7 0  perc e n t  of the to t a l  env i ronme n t a l  c ap i t a l  e xpend i t ures  i n  
the re f i n ing s e c to r  d u r i ng the l a s t  d ecad e , a nd are e xpec ted to 
con t i nue at a h ig h  l e v e l  in order to a l l ow proc e s s i n g  of l owe r  
qual i ty f eed s tocks . 

In 1 9 8 0 , the mo s t  r e c e n t  ye ar for wh i c h  d a ta are ava i l ab l e , 
envi ronme n t a l  cap i ta l  e xpend i t ure s for the re f i n ing s e c to r  we re a t  
a record level o f  two- t h i rd s  o f  a b i l l ion d o l l a r s . Th e co s t  o f  
opera t i ng the s e  f ac i l i t i e s  i s  approach ing $ 2  b i l l ion a ye a r . 

A Ba t te l l e  s t ud y  repo r t s  that the c umul a t i v e  c ap i ta l  e nv i ro n­
mental e xpe nd i tu r e s  for the re f in i ng sec to r  have reached $ 1 7  
b i l l io n  ( 1 9 7 9  d o l l ar s ) i n  1 9 8 0  and pred i c t s  t h a t  the  c umu l a t iv e  
cap i ta l  e xpend i t ure s wi l l  r e a c h  $ 3 0  b i l l io n  ( 1 9 7 9  d o l l ar s ) b y  1 9 9 0 , 
exc l ud ing RCRA re l a ted c o s t s . 5 2  
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TABLE 4 5  

E nv ironmen t a l  E xpe nditures in the Petroleum R e f i n i ng S ector -- 1 9 7 1 - 1 98 0  

( Mi l l ions of Dol la r s ) 

Total 

1 9 7 1  1 9 7 2  1 9 7 3  1 9 74 1 9 7 5  1 9 7 6  1 9 77 1 9 7 8  1 9 79 1 9 8 0  1 9 7 1 - 1 98 0  

Capital Expe n ditur e s  

Air $ 3 29 $ 2 64 $ 369 $ 3 7 3 $ 4 5 0  $ 3 8 5  $ 2 3 0  $ 3 3 2  $448 $ 49 8  $ 3 , 6 78 

W a te r  1 1 2 86 93 1 2 3 1 3 0 2 0 3  1 89 83 1 0 0  1 2 3 1 , 2 4 2  

Land a n d  Other 2 7  7 8 1 6  1 3  8 2 1  8 1 4  3 5  1 57 

Subtotal $468 $ 3 5 7  $ 4 7 0  $ 5 1 2  $ 5 9 3  $ 5 96 $440 $ 4 2 3  $ 562 $ 6 5 6  $ 5 , 0 7 7  

Admin i s tr a t ive , Ope r a t i n g ,  
& Mainte nance Expe nd i tu r e s  

w A ir $ 1 1 6 $ 1 72 $ 2 1 4  $ 2 9 1 $ 3 28 $ 5 74 $ 7 2 3  $ 7 9 1  $ 9 1 3 $ 1 , 2 6 2  $ 5 , 3 84 1-' 
7 5  1 0 0 1 09 1 2 6 1 3 6 2 2 7  3 1 1  3 2 0  3 6 7  4 7 6  2 , 2 4 7  0 Water 

Land and Other 1 3  8 1 0  1 3  1 5  1 9  3 4  3 4  4 7  86 2 7 9  

Subtotal $ 2 0 4 $ 2 8 0  $ 3 3 3  $ 4 3 0  $ 4 79 $ 82 0  $ 1 , 0 6 8  $ 1  , 1 4 5 $ 1 , 3 27 $ 1 , 8 2 4  $ 7 , 9 1 0  

R e s e a rch and Developme n t  

A i r  $ 3 7  $4 7 $ 5 0  $ 5 3  $49 $ 4 5  $ 5 7  $ 5 6  $ 5 8  $ 6 4  $ 5 1 6  

Wa ter 6 8 7 1 0  1 1  1 0  1 4  1 2  1 3  1 8  1 0 9 

Land and Other 3 3 5 3 5 4 2 4 5 9 4 3  

Subtotal $ 4 6  $ 5 8  $ 6 2  $66 $ 6 5  $ 5 9  $ 7 3  $ 7 2  $ 7 6  $ 9 1  $ 6 6 8  

Total $ 7 1 8  $695 $ 6 5  $ 1 , 0 08 $ 1 , 1 37 $ 1 , 4 7 5  $ 1 , 5 8 1  $ 1 , 6 4 0  $ 1 , 96 5  $ 2 , 5 7 1  $ 1 3 , 6 5 5  

SOURCE : Ame r ic a n  Pe troleum I n s t i tute , Envi ronmental E xEenditures of the U n i ted S tates Petroleum I n dustr�, 1 9 7 1 - 1 9 8 0 , 

1 9 8 1 . 
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CHAPTER FOUR 

S TORAGE , TRANS PORTATI O N ,  AND M ARKE TING 

I NDUSTRY O PERAT IONS 

INTRODUC T I ON 

As w i t h  a ny ind u s t ry , pe trol e um raw ma t e r i a l s m u s t  b e  t r an s ­
por ted t o  manu f a c t ur ing cen te r s  a n d  f i n i shed pe t ro l e um prod uc ts 
d i s t r i bu ted to con s ume r s . At va r i ous po i n t s  w i t h i n  th i s  transpo r­
t a t ion and d i s t r i b u t i o n  sys tem , s to rag e mu s t  b e  prov ided f o r  the 
raw ma ter i a l s  ( c r ud e  o i l , n a t u r a l  g a s , and n a t u r a l  g a s  l i q u id s ) and 
for the prod u c t s . S i nc e  these s torag e , tran spo r t a t io n , a nd marke t­
ing f ac i l i t i e s  have many techn i c a l  and ope r a t ing aspec t s  in c ommon , 
they have been g rouped f o r  th i s  d i s c u s s ion o f  i n d u s try ope r a t ions . 

Th e scope o f  the ne two rk for pe tro l e um s to r ag e , tran spo r ta t ion , 
and marke t i ng i s  i l l u s tra ted by 1 9 8 0 s ta t i s t i c s  showing tha t i n  the 
Un i ted S t a t e s  approx ima t e l y  5 4 3 , 0 0 0 c rud e o i l  prod uc ing we l l s l 
fed 3 1 1  re f ine r ie s , 2 wh i c h  p rov ided g a s o l i ne a nd o i l t o  1 5 , 0 0 0  
term i n al s and b u l k  p l a n t s  s uppl y i ng 1 5 8 , 0 0 0 s e r v i c e  s t a t i o n s 3 
serving  1 2 2  m i l l ion a u tomob i le s , 4 and p rov i d e d  many o th e r  p ro d ­
u c t s  fo r home and ind u s t r ial  use . A s umma ry o f  U . S .  o i l  and g a s  
transpor ta t ion f ac i l i t i e s  i s  pre sen ted i n  Ta bl e 4 6 .  

S te e l  p ipe i s  used to b r i ng o i l  and g a s  f rom b e a r i ng rock to 
the s ur fa c e , whe r e  they are separa ted . Th e g a s  i s  s e n t  to a g a s  
proc e s s ing pl a n t  and i s  then rou ted i n to a n a t u r a l  g a s  d i s tr i b u t ion 
sys tem that ul t imate ly e nd s  w i th the consume r . Th e wa t e r  and sed i­
men t  are r emoved f rom the c r ud e  o i l  and it is p umped t h ro ug h  cr ud e  
o il g a t h e r i ng l i n e s  and trunk l i nes to the re f i n e r ie s ;  p ipe l i ne s 
then transport re f ined prod ucts f rom re f i n e r i e s  t o  marke t i ng d i s ­
t r i b u t ion term i n al s ,  wh e r e  short tr uck h a ul s d e l i v e r  prod u c t s  to 
service s ta t ions a nd o t h e r  cons umer s .  I n  a s im i l a r  manne r , tanker s 
and barg e s  are used to transpo r t  crud e  o i l  to re f i n i ng c e n t e r s  and , 
la ter , the re f i ned p rod uct to marke t i ng d i s t r i bu t ion po i nt s . S to r­
age i s  req u i red a t  many po ints  a l ong the sys tem : a t  the c rud e o i l  
f ie l d s , crude o i l  p i p e l ine termina l s , re f i n e r ie s , p rod u c t  p i pe l in e  
term inal s ,  and nume rous marke t i ng ou t l e t s  s u c h  a s  b u l k  p l a n t s  and 
serv ice s ta t ions . 

The arter i a l  n a t ure o f  the sys tem t h a t  i n te rconne c t s  the  many 
c omponen ts of pe t ro l e um ope r a t i ons i s  bene f i c i a l  to e n v i ronme n t a l  
pro te c t io n . Wi t h i n  the Un i te d  S t a te s ,  pe t ro l e um raw ma t e r i a l s  and 
prod uc t s  are hand led almo s t  e x c l u s i v e l y  i n  a c l osed sys tem f rom 
so urce to c u s tome r . The s ame is par t i c ul ar ly t r ue f o r  n a t ura l g a s  
and l ique f i ed pe trol e um g a s  ( L PG ) . The v o l a t i l i ty o f  the s e  ma te r­
ial s make s i t  nece s s a ry to hand l e  them in a c l osed sys tem und e r  
pres sure , wi th l i t t l e  r i s k  o f  the i r  be ing d i sc harged to t h e  e nv i­
ronment und e r  no rma l ope ra t ion s . 

Up se ts do , howe ve r , o c c u r . We l l s  d eve l op l i ne l e aks ; f i e ld 
gathe r i ng l i nes and p i pe l ines  d evelop l e aks f rom corros ion , n a t ural  
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TABLE 46 

Oil and Gas T ransportation F a c i l i t i e s  

Number o f  Units 

G a s  Pipe l ines * 

( as o f  1 2 /3 1 /77 ) 33 1 , 976 miles 

Petroleum Pipe lines t 

( as of 1 2/3 1 /7 8 ) 2 27 , 060  mi l e s  

Tank Cars § 
( as of 7 / 1 5/79 ) 1 0 7 , 5 52 

T ank Trucks§ 
( a s of 1 2/3 1 /7 9 ) 50 , 0 0 0  

T ank Barge s§ 
( as of July 1 97 9 ) 3 , 9 7 1  

Tank Ships § 
( as of Ju ly 1 97 9 ) 3 52 

Total 

C apacity 

NA 

NA 

2 , 1 7  5 .  5 MMgal 11  

364 . 4 MMgal 11 

7 1 . 4  MMbb l * *  

97 . 0  MMbbl* * 

Inc lude s gather i ng l ines ; excludes distr ibut ion lines . 
tr n c ludes gathering line s .  
§ sui table for pe tro l eum transportat ion . 
�MMgal = mi l l ion gal l ons . 

* *MMbb l = mill ion barrel s .  

SOURCE : National Pe troleum Coun c i l , P etro leum S torage and 

Transportation C apacities , 1 97 9 .  

phe nome na , a nd f r om d amag e b y  construc t io n  a n d  f a rm equ i pmen t ;  
s torage tanks d ev e l op l e ak s  due to corros i o n  o r  s e t t l i n g ; and 
tanke r s , barg e s ,  t ank trucks , and ra i l  tank cars b e c ome involved in  
acc idents . 

Pe t ro l e um i n d u s try equ i pmen t  and s y s t ems a r e  d e s i g n e d  w i th 
s ub s ta n t i a l  s a f e ty f a c to rs based on De pa r tm e n t  o f  Tran spo r t a t io n  
( DOT ) reg u la t ion s , i n d u s t ry s t and ard s , and c od e s  to m i n imi z e  th e 

pote n t i a l  impa c t  o f  upse t s . Standard ope r a t i ng proced u r e s  and 
tra i n ing prog r ams are u s ed to prepare per sonne l for abnormal oper a­
t ions . Ope r a t i ng con t ro l  sys tems are d e s i g ned whe r e  po s s i b l e  to be 
fa i l  safe and to r emove the h uman e rror f a c tor t h ro ug h  a u toma t io n  
and comp u t e r  control . Upo n  f a i l ure o f  e l e c t r i c  powe r , h yd raul i c  
o i l  pre s s ure , i n s t r umen t a i r , or s te am , con t r o l  v a l v e s  t h ro ughou t 
the sys tem are d e s ig ned to e i ther f a i l  ope n o r  c lo se d , d epend i ng 
upon wh i c h  cond i t ion pro v i d e s  max imum s a f e t y  and t h e  m i n imum upse t .  
Such " de s ig n i ng o u t "  o f  problems e x te nd s  t h roug h the e n t i r e  s to r­
age , transpor ta t io n , and marke t i ng s egmen t o f  the i nd u s t ry , d own t o  
the au toma t i c  g a s  no z z l e  s h u to f f  at the g a so l i n e  pump . 
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Commun i c a t ion and control sys tems have become i n c r e a s i ng l y  
soph i s t i c a ted i n  the pas t 1 0  ye ar s . Th e m i n i a t ur i z a t io n  o f  com­
puters , m i c ropro c e s so rs , a nd prog rammab l e  contro l l e r s  enab l e s  the 
ind u s t ry to r e l y  o n  h i gh l eve l s  of  a u toma t ion and " s ys tems co n­
cepts " of mo n i to r ing and contro l l ing ope r a t ions  f rom c e n t r a l  
loc a t i on s . The ope ra t i ng requ i reme n t s  o f  s torage f ac i l i t ie s , p ip e­
l ines , b arge s ,  t anke r s , r a i l  tank cars , a nd even tank t r u cks , l end 
thems e l ve s  to comp u t e r  con t ro l . Re l i able  c ommun i c a t io n  c h anne l s  
a re e s tabl i shed through t e l ephone l i nes , m i c rowav e , a nd rad io , 
o f ten thro ugh c ommun i c a t ion s a te l l i te s . 

STORAGE 

Th e pe tro l e um i nd u s try requ i res s to rag e f ac i l i t i e s  f o r  tremen­
dous vol ume s o f  raw mate r i a l s  and re f ined prod uc t s . Tanks are r e ­
q u i red for crud e  o i l  and prod uc t s ; p r e s s u r e  v e s s e l s  a n d  und e rg round 
s torage are used for n a t u r a l  gas l i q u i d s ; and u nd e rg round re se r­
vo irs and cav i t i e s  are used for natural g a s . Pr ima ry s to rag e i s  
located a t  s trateg i c  po i n t s  along the d i s tr i bu t io n  sys tem : a t  
po i n t s  o f  tran s f e r  be twe en t ranspo r t a t i o n  mode s ,  a t  po i n t s  wh ere a 
numbe r  o f  p i pe l i n e s  converg e , and a t  manu f ac t u r i ng f ac i l i ty and 
d i s tr i b u to r  term i na l s . Se cond ary s torag e i s  ma i n ta i ned by sma l l  
d i s t r i bu tors o f  pe t ro l e um prod ucts f urther  removed f rom t h e  pr i mary 
d i s tr ib u t ion sys tem . Ad d i t ional storage is ma i n t a ined by consumers  
such as ind u s tr ie s , the m i l i ta ry , u t i l i t i e s , and  home own e r s .  

Fac i l i t ie s  can be d i v id ed i n to s torage f o r  l i q u i d  pe t ro l e um or 
natural  g a s , a nd f ur th e r  s ubd iv ided f o r  d i sc u s s io n  to above g ro u nd 
and below g round . Abov e-g round s torage i s  u s e d  mo s t l y  f o r  c r ud e  
o i l and re f i ned pe t ro l e um prod ucts  s u c h  as g a sol i n e  and d i s t i l ­
l a te s . Und e r g round s torage i s  mo s t  c ommonly u se d  f o r  s torage o f  
natural g a s  and L PG .  Some requ i reme n ts fo r pr imary s to rag e o f  
crude o i l  and re f ined prod uct s torage are i l l u s tra ted b e l ow : 

• To rece ive and hold l arge shi pmen t s ,  wh i c h  are d e l i vered in 
d i sc re te pa rce l s  but are ut i l i ze d  con t i nuou s l y  

• To accumul a te quant i t i e s  fo r tanke r , b a rg e , o r  p i pe l i ne 
moveme n t s  

• To mee t  s e a sonal  peaks i n  prod uc t d eman d ; f o r  e x ampl e ,  a l ­
low i ng f o r  accum u l a t ion o f  d i s t i l l a te f u e l o i l  f o r  w i n t e r  
con s ump t ion and o f  gasol i ne for s umme r cons ump t ion 

• To segregate  d i f f e r e n t  g rad e s  and q u a l i t i e s  of c r ud e  o i l s , 
un f i n i shed o i l s , and f i n ished prod u c t s  

• To accumu l a te prod u c t s  and crud e o i l  be f o re and d u r i ng pl an­
ned re f i n e r y  ma i n te nance pe r iods 

• To pro v i d e  s torage for con t ingenc i e s  to avo i d  operat ional 
i n terrup t ions . 
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U . S .  s tocks o f  crude  o i l  and prod u c ts ( i n c l ud i ng s tr a t e g i c  
re s e rve s )  a t  the e nd o f  1 9 8 0 were abo u t  1 , 3 9 5  m i l l ion b a r re l s , a 
2 6 2 m i l l ion barr e l  i n c rease  over the 1 9 7 5  amo u n t  o f  1 , 1 3 3 m i l l i o n  
barre l s . S Th i s  vol ume o f  c r ud e  o i l  a n d  prod u c t  s tocks re p re s e n t s  
only p a r t  of  t h e  to tal vol ume o f  tanka g e  requ i red d u r i ng prod u c ­
t io n , proce s s i n g , transporta t io n , and marke t in g . Fo r a s impl i f ie d  
d iag ram o f  the  d i s t i nc t io n  b e twe e n  s to rage capa c i ty and i nv e n to ry , 
see F ig ur e  5 6 .  

In  1 9 7 8 ,  the  Na t iona l Pe trole um Co unc i l  ( N PC ) s urve yed the 
pe trol e um i nd u s try to d e t e rm i ne the amo u n t  of pr imary s to rag e 
capac i ty . 6 Tabl e 4 7  s ummar i z e s  the re s u l t s  o f  t h a t  s urvey . 

Th e NPC a l so e x am ined second a ry and cons umer s to r a g e  capac i ty 
for g a so l i n e  and d i s t i l l a te fue l o i l  i n  the Un i ted S t a te s . Th i s  
e x am i na t io n  i nd i c a t ed that  s torage capac i ty e x i s t s  f o r  a t  l e a s t  5 0 0 
m i l l i o n  barre l s , o r  mo re than 6 0  perce n t  o f  the pr imary s to rag e f o r  
the se prod uc t s . 7 

Unde rg round s torage c apac i ty for LPG i n  the  Un i te d  S t a te s  i n  
l ate 1 9 6 8  was  1 6 2 m i l l i o n  barre l s . Und e rg round s torage i n  1 9 7 9  w a s  
4 1 1  m i l l i o n  barre l s , an i n c re a s e  o f  24 9 m i l l ion barre l s . There 
were 3 1 5  u nd e rg ro u nd r e s e rvo i r s  fo r natural  gas in  1 9 6 8 ,  w i th ca­
pac i ty fo r 4 . 8  tr i l l ion c ub i c f ee t .  By 1 9 8 0 ,  th i s  s torage c apac i t y  
h ad increased t o  4 1 2  und e r g round s torag e r e s e rv o i r s  l o c a t e d  i n  2 6  
s ta t e s  w i t h  a to t a l  capac i ty o f  7 . 6  tr i l l ion c ub i c  f ee t . 8 

S te e l  tanks h ave l o ng been the pr i nc i pa l  f o rm o f  pe trol e um 
s torag e . Sto rage te chnology has  improved as the i nd u s t ry h a s  
se arched for more e conom i c a l ,  s a f e r , and c l e an e r  ways t o  s to r e  
i nv e n tor i e s  o f  r aw m a t e r i a l s  and prod u c t s . Und e rg round caverns , 
r e f r i g e r a ted s to rag e , a nd improveme n t s  i n  d e s i g n  and con s t r u c t i o n  
of  s t e e l  t a n k s  h ave o c c urred . 

Improveme n t s  i n  the d e s i g n  o f  floa t i ng roo f s  and s e co nd a ry 
s eal s fo r ope n  top tanks and i n  the d eve l opmen t  o f  i n te r nal f l oat­
i ng roo f s  for f ix ed roo f tanks have red uced s torage e vapor a t i o n  
los s e s , thus  m i n im i z i ng rel ease  o f  hyd rocarbon vapo rs i n to t h e  
e n v i ronmen t .  The i mp rovemen t s  a l so red uce the a c c umu l a t io n  o f  
r a i nwa te r i n  the prod uc t . In te r ior and e x te r io r  coa t i ng s  a r e  u s ed 
to red uce corro s ion and to pro t e c t  the qual i ty o f  s e n s i t ive p ro d ­
u c t s  s uc h  as av i a t i o n  j e t  f ue l . 

Vo l a t i l e  prod uc t s , s uc h  a s  propane , propyl e n e , a nd b u tane , a re 
used a s  pe trochemi c a l  f e e d s to cks and by dome s t i c  cons ume r s  for home 
h e a t i ng . S i nce  propane , propyl ene , a nd b u t a n e  have h ig h  vapo r  
pre ss ure s a t  no rma l amb i e n t  temperat ure s , h i g h-pr e s s ure s torag e 
vesse l s  a r e  req u i red . La rg e s tee l tank s to s a f e l y  c o n t a i n  these  
pre s s ure s [ up to abou t 2 5 0  po und s per square i nc h  g a ug e  ( ps i g ) ] are  
e xpen s ive . Th e s a f e s t  and mo s t  econom i c a l  s to r ag e me thod d e v e l oped 
for these prod u c t s  ( a l so the  mo s t  c ommon ly u s e d ) is  to s tore pro­
pane and butane as l iqu i d s  i n  l a rg e  und e rg round s to rag e caverns , 
w i t h  a s  much a s  one m i l l ion b arre l s  o f  capac i t y . Mo s t  o f  t h e s e  
c averns h av e  b e e n  f o rmed b y  l e ach i ng o f  s a l t d ome s o r  b y  under­
g ro und m i n i ng i n  l ime s tone , shal e , o r  g ran i te f o rma t ions . 
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SOURCE: National Petro leum Counc i l ,  Petroleum Storage and Transportation Capacities, 1 979. 



TABLE 47 

u . s .  Pr imary Di str ibut ion Sys tem 

Total Shel l Capacity of Tankage 

S eptember 3 0 , 1 97 8  
( Millions o f  Barr e l s ) 

Crude Oil 

Ga soline 

Ke rosine 

D i s t i l late Fuel Oil 

Re s idual Fue l Oil 

Total 

462 
438 

90 
365 
1 62 

1 , 5 1 7  

SOURCE : Nat ion al Petroleum Coun c i l , Petrol eum 

S torage and Transportation C apacitie s ,  1 97 9 .  

Ano t h e r  me t hod o f  s to r i ng h igh l y  vol a t i l e  p rod uc ts , l i ke pro­
pane and b u tane and l i que f i ed natural gas ( LNG ) , is to cool them 
s u f f ic i e n t l y  so they are l iqu id at a tmosph e r i c  pre s s ur e . Low­
pressure , r e f r ig e rated ve ss e l s  are used , but a r e  e x pe n s iv e  to 
cons t r u c t  and ope r a t e . 

Und e rg round n a t u r a l  g a s  s torage i nvo l v e s  t r a n s po r t ing g a s  from 
p rod uc ing f i e l d s  and re i n j e c t i ng i t  i n to o the r r e s e rvo i r s  wh e r e  i t  
i s  s tored unt i l n e e d ed to s uppl eme n t  other  n a t u r a l  g a s  s uppl i e s  i n  
mee t i ng marke t requ i reme n t s . Tr ad i t ional ly , t h e s e  u n d e rg round 
s torage re s e rvo i r s  have been l oc a ted near a re a s  of cons umpt i o n , but 
i n  some c as e s  r e s e rvo i r s  are be ing deve loped in the  prod uc i ng 
areas . I n  1 9 8 0 ,  approx ima te ly 1 0  pe rce n t  o f  the  n a t u r a l  g a s  co n­
s umed in the Un i ted S t a t e s  wa s wi thd rawn f rom u n d e rg round g a s  
s torag e . 9 

The pr i nc ip a l  f un c t ions o f  und e rg round g a s  s torage are to me e t  
t h e  peak d emand s o f  t h e  w i n te r  season and t o  prov i d e  o f f-peak 
s torage for p i pe l ine g a s  d u r i ng the warm s umme r mon th s . Und e r­
g round s torag e  pl ayed a par t i c u l arly impo r t a n t  ro l e  i n  me e t ing the 
na t io n ' s  e n e rgy needs d ur i ng the unusual ly s e ve r e  w i n te r  of 1 9 7 6 -
1 9 7 7 .  By t h e  e nd o f  tha t w i n te r  se ason , n e a r l y  7 2 p e r c e n t  o f  the 
ava i l abl e vol ume h ad been w i t hd rawn for cons ume r u s e . Because  
und e rg round s to r ag e  pe rm i t s g re a t e r  u t i l i z a t i o n  o f  p i pe l i n e  fac i l ­
i t ie s  ( ne a r  1 0 0 p e rc e n t  load f ac to r ) and mor e  e f f i c i e n t  g a s  d e­
l iv e r i e s  to the marke t ,  i t  i s  an impo r tan t f ac tor in conserva t i o n  
and the  d eve lopmen t  o f  n e w  marke t s . 

Na tural g a s  i s  s to red i n  three type s o f  s to r a g e  pool s . The 
olde s t  type o f  s torage r e s e rvo i r  i s  a deple ted g a s  o r  o i l  f i e l d . 
In some s ta te s , b e c a u se o f  a l ack o f  d epl e ted g a s  and o i l  re s e r­
vo irs , n a t u r a l  g a s  h a s  been s tored i n  wa te r-be ar i n g  sand s 
( aqui f e r s ) that never con ta ined hyd rocarbons . In r e c e n t  ye ar s , 
s a l t  cav i t ie s  h ave b e e n  u s e d  to s tore n a t u r a l  g a s . 
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I .  O f f shore S to rage 

In r e c e n t  year s , p l a t form technology has  permi t te d  the cond uc t 
o f  of fshore o i l  and g a s  e xplora t i on and d e v e lopmen t  f ur th e r  f rom 
l and . In mos t  o f f s ho re are a s  o f  the Un i te d  S t a te s , o i l  and g a s  
produc t i on i s  g e n e r a l l y  d e l ive red t o  shore b y  p i p e l i ne . In the 
early ye ars of dome s t i c  o f f shore d evelopmen t ,  s torage of o i l  a t  
o f f s ho re locat ions and barg i ng to onshore t e rm i n a l s  wa s a t tempted . 
Interrup t ions i n  d e l iver i e s  a s  a re s u l t  o f  bad we a th e r  cond i t ions , 
e spe c ial ly d ur i ng w i n t e r  mon th s , have caused th i s  sys tem to become 
l e s s  f avored than the p i pe l ine sys t em . Th e r e  rema i n , h owe ve r , a 
f ew f i e l d s  wh e r e  the i so l a ted loc at ion , sma l l  q ua n t i ty o f  prod uc­
t ion , o r  other  c i rc ums tance s may d i c ta t e  o f f shore s torage for eco­
nom i c  or  o th e r  reasons . It  i s  conc e ivab l e  tha t a s  e xp l or a t io n  and 
d eve lopme n t  proce ed f ar th e r  from shor e , econom i c s  c o u l d  d i c ta t e  th e 
use  of o f f shore s to rag e f ac i l i t i es o f  a type that  are pr eval e n t  i n  
fore ign ope ra t i o n s . Any vas t o f f shore s torage f a c i l i ty c e r ta i n l y  
i s  a po te n t i a l  po l l u t i o n  source ; howeve r ,  w i th proper equ i pmen t  and 
ope ra t ing proc e d u re s  the r i s k  of pol l u t ion i s  m i n ima l . 

The pe t rol e um i n d u s t ry i s  seek i ng a more econom i c a l  me ans o f  
tempo rar i l y  s to r i ng crud e  o i l  wh i l e  awa i t i ng ma r i n e  transpo r ta t io n  
t o  re f i n e r ie s .  At the present  t ime , o f f s hore s torage f ac i l i t i e s 
a re be i ng i n s t a l led and ope r a ted i n  wa te r d ep t h s  up to 5 0 0  f e e t .  
I t  i s  e xpected that  i n  the near f u t ure o f f s hore s torage and c r ud e  
o i l tran s f e r  f a c i l i t i e s  wi l l  b e  req u i red i n  much d eepe r wa te r s . 
The s i ze requ i reme n t  for an o f f shore s torage un i t  d epends upo n  
both t h e  l e ase prod uc t i on rate and t h e  ava i l ab i l i ty o f  ma r i ne 
transpo r t a t ion to un load the s torage tanks p e r i od i c a l l y . A s to rage 
capac i ty equal to approx ima t e l y  1 0  d ays of prod u c t i o n  is accepted 
as a m i n imum s tand ard . Of f s hore s torage var i e s  in capac i ty f rom 
1 0 , 0 00 b arre l s  to approx ima t e l y  1 . 5 m i l l io n  barre l s . 

Of f s ho re c ru d e  o i l  s to rag e fac i l i t i e s  may b e  g rouped i n to the 
s i x bro ad c a tegor i e s d i scus sed below . Each c l a s s i f i c a t i o n  d e­
s c r ibes the s torag e un i t s  i n  terms o f  the po s i t i o n  o f  the  pr imary 
tankage w i th r e s pe c t  to the s ur f ace of the wa te r . The y  are : 

• El evated or abov e-s ur face s torage 

• Floa t i ng s to r age 

• Semis ubme rged s tor age 

• S ubme rged s torag e  moored 

• Subme rg e d  s torag e  bot tom- s uppo r ted 

• Comb i n a t i o n  s to rag e - - s ubme rg ed and e l e v a ted . 

A .  E l evated or Above - S u r f a c e  S torage 

El eva ted or above- s urface  s torage is l o c a t e d  on a p l a t fo rm 
above the s ur f ace o f  the wa te r . Extens i ve u se i s  mad e o f  spe c i a l  
tanks pl aced o n  the decks  o f  o f f shore prod uc t io n  pl a t fo rms . Th i s  
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type of  s to r ag e  f r equent ly share s a p l a t f o rm w i th g a s-separa t in g  
and other produc t ion f a c i l i t i e s . Stru c tural capab i l i t i e s  o f  pl at­
forms u s ed i n  the  Gu l f  o f  Me x i co norma l l y  l im i t  o n-d e c k  s torage to 
1 0 , 0 0 0 b a r re l s . 

B .  F l oat ing S to rage 

Fl o a t ing s torag e  appl i e s  to ve ssel s such as barg e s , tanke r s , 
and those tanks h av i ng a h i gh pos i t ive buoyan cy . B a rg e s  are f r e ­
que n t l y  used i n  s h u t t l e serv i c e  d u r i ng the e a r l y  d ev e l opme n t  pha se 
of an o f f s ho re f i e l d . One barge rece i ve s  o i l  a t  a p rod uc t i on 
pl a t fo rm ,  wh i l e  o th e r s  a r e  i n  tran s i t  be twe e n  the shore t e rm i na l  
a n d  pl a t fo rm . Several  f l oa t ing s torage sys tems h ave u se d  mar in e  
tanker s  o f  v a r i o u s  s i ze s  u p  t o  2 5 0 , 0 0 0 d e adwe i g h t  ton s  ( DWT ) t o  
rece i ve a n d  s tore o i l  d i rec t l y  f rom prod uc i n g  we l l s ; the  o i l  wa s i n  
tur n o f f- l oad ed i n to a n o t h e r  tanker fo r tr anspo r t a t ion t o  d i s t a n t  
por t s . Spec i f i c a l l y  bu i l t  s torage barg e s  capabl e o f  hold i ng one 
m i l l ion barre l s  of o i l  and hav i ng aux i l iary o i l  t r e a t i ng and p ump­
i ng f ac i l i t i e s  on bo a rd are a l so be i ng u se d . F i g u r e  5 7  i l l u s tra te s 
t h i s type o f  s to r ag e . 

C .  S em i s ubme r g ed S to rage 

Sem i subme rged s to rag e appl ie s to tanks moo red i n  p l ac e s  t h a t  
have a l ow pos i t i ve b uoyancy and f l oa t  w i th on l y  a very sma l l  f ra c­
t io n  o f  the i r  vol ume above the s ur f ace . The sem i s ubme r s i b l e  d r i l l­
ing p l a t form-type s tr u c t ure l ends i t se l f  to th i s  u s e . Gen e r a l ly , 
t h i s  type o f  s torage h a s  been used in pro te c ted wa te r s . Se e F ig u r e  
5 8  f o r  a spec i f i c e x ample o f  t h i s  type o f  s tr u c t u r e . 

D .  S u bme rged S torage Moored 

S ubme rged s torage un i t s  may be e i ther f u l ly e n c l o sed o r  bot tom­
l e ss . They have a l ow po s i t ive buoyancy and are no rma l ly moored a t  
some po i n t  b e low wave ac t io n . The y  may b e  a t  or n e ar the ocean 
f loor ( s ee F i gu r e  5 9 ) . 

E .  S u bme rged S torag e - - B o t tom S uppo r t ed 

A bot tom- s uppo rted s ubme rg ed s torage tank h a s  a n eg a t i v e  buoy­
ancy and re s t s  on the  bot tom w i thout the a id o f  moor i ng l ine s . I t  
may b e  e i th e r  f u l ly e n c l o s ed o r  bo t tomle s s . It  may b e  a t tached to 
the bot tom w i th p i l i ng to i n c rease  i t s  re s i s tance to d rag by the  
c ur ren t .  The s to rag e tank i s  freque n tl y  equ i pped w i t h  an abov e ­
wa ter s t r u c t ure , wh i ch s upports  prod u c t ion , load i n g , a nd s ubmerge d 
tankag e control f a c i l i t i e s . The above-w a t e r  s tr u c t u r e  o f f e r s  m i nor 
e xpos ure to s to rm and c ol l i s io n  ( se e  F i g u r e  6 0 ) .  

An e x ampl e o f  se a - f l oor s torage i s  the  5 0 0 , 0 0 0 -b a r r e l  bot tom­
l e s s  con i c a l  tank named " Kh a z zan Duba i I , "  i n s t a l l e d  by the Dub a i 
Pe t ro l e um Company i n  the  Per s i a n  Gul f o f f  o f  Duba i .  I t  i s  p e rma­
n e n t l y  ancho red to the b o t tom w i th p i l e s . I t  conve rg e s  upward to a 
r e l a t ively sma l l  n e ck pro j ec t ing above the  wa te r , c arry i ng the 
swi tch i ng and control equ i pme n t . F i g u r e  6 1  i l l u s t ra t e s  t h i s  t ype 
o f  s torag e . 
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F loating 
Roof 

l Capacity: 1 00,000 Bbls. I 
. ' I 

� 
Fig u re 58.  Sem isub merged Storage.  

A i r  D ischarge R ing 
To P revent I ce 
Formation 

F .  Comb i n a t i o n  S torage -- Subme rged and E l e va te d  

The pr i n c i p a l  s torage un i t  i n  a comb i n a t ion s torage f a c i l i ty 
i s  the subme rged tank . Th e e l ev a ted tank no rma l l y  h a s  f rom 1 0  t o  
3 0  pe r c e n t  o f  the s ubme rged capac i ty , and i t s  pr imary p ur po s e  i s  
t o  rep l a c e  the s ub s ur f a c e  bal l a s t  req u i red i n  the conv e n t i o n a l  
s ubme rged fac i l i ty to ach i eve an overal l n e g a t ive buoyancy ( se e  
F i g u re 6 2 ) .  

The subme rged s to rag e f a c i l i ty i s  mos t  appl i c a b l e  i n  d e e p  
wa ter s , i s  compe t i t ive wi th s ubsea p i pe l i n e s  when o f f shore pro­
d u c t i o n  is at l ong d i s tances  from shore , and i t s l ar g e  c apac i t i e s  
are an ad van t ag e  whe n  the  o i l  prod uced i s  d e s t i ned f o r  d i s ta n t  
r e f i n e r i e s  v i a  s upe r ta nke rs . 

I I .  Automa t io n  and S a f e ty 

Au toma t i c  and remo te s upe rv i sory c on trol sys tems have become 
nece s s a ry a s  c o s t s  o f  raw mater i a l s  and manpower e sc a l a te and a s  
goals  for incr e a s i ng leve l s  o f  oper a t i ng s a f e ty a r e  me t .  La rge 
r e f i n e ry tank f arms and s torage term i na l s  requ i r e  many men to gauge 
tanks and to ope ra te v a l v e s  and p umps wi tho u t  the ava i l ab i l i ty o f  
au toma t i c  and r emo te s upervi sory con t ro l . 

Supe r v i sory con t ro l  sys tems w i th u n i n t e rrupted comp u t e r  mo n­
i to r ing and s urve i l lance a l l ow r emote g a ug i ng of tank l ev e l s  and 
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Fig u re 60. S u b me rg ed Storage-Bottom S u p po rted ( Above- and Be l ow-Water Structu re) . 
SOURCE: Beth lehem Steel Corporat ion .  
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Fig u re 61 . S u bmerged Storage-Bottom S u p ported ( Sea-F loor  Storage) . 

remo te valve and p ump opera t ion w i th a u toma t i c  s w i tch i ng and shu t­
d own of ope r a t io n s  i f  ope r a t ional ups e ts o c c u r . Rou t i n e  mon i to r i ng 
o f  ope r a t ion cond i t ions , s uch as f l ow r a te s , pre s s ure s , temper a­
tures , tank l eve l s , and ope r a t i ng un i t  a l a rm s ta tu s , i s  a typ i c a l  
capab i l i t y  o f  a Super v i sory Con t ro l  Sys tem .  S u c h  sys tems are 
i nval uab l e  in pr eve n t i ng tank ove r f l ows , p r ev e n t i ng crud e o i l  and 
prod uc t contam i na t io n , re po r t ing and preve n t i n g  una u tho r i z ed 
ope rat ions , and prov id i ng a wr i tten l og o f  oper a t i ng cond i t ions . 

TRANS PORTATION 

I .  The Pe t ro l e um D i s t r i b u t ion Sys tem 

A .  I ntrod u c t ion 

Th e sys tem of p i pe l i ne s , t anke r s , b arg e s , t an k  c ar s , a nd tank 
t rucks tha t move s c r ud e  o i l  f rom prod uc i ng a r e a s  to re f i n ing 
cente r s , and the s im i l ar mode s  of transpo r ta t io n  tha t move r e f i ned 
prod uc ts from re f in i ng c e n te r s  to marke t i ng areas , are g e n e ra l l y  
c ateg o r i zed as the pr imary pe tro l e um d i s t r i b u t ion sys tem ( F i g u r e s  
6 3  a n d  6 4 ) .  Con s i d e rable  tankage mu s t  b e  p rov i d e d  w i t h i n  t h i s  
transpo r tat ion ne two rk i n  ord e r  to ma i n t a i n  no rma l f l e x i b i l i ty f o r  
the overal l ope ra t io n  o f  t h e  s upply sys tem . The pe t role um d i s­
t r i b u t i o n  sys tem a l so i n c l ud e s  the se cond ary d i s t r ib u t i o n  sys tem 
and the cons umi ng sec to r , wh i ch conta i n  s ub s t an t i a l  capac i ty and 
tankag e . 
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For towing (A), top tank rests on barge-like main tank. 
During installation (B), empty top tank serves as jacking 
base to set main tank. After main tank is set (C), top 
tank is jacked above wave height and secured to the 
column. Jacks may then be removed. 
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Fig u re 62 .  Combi nat ion Submerged and E levated Storage. 

SOURCE: Beth lehem Steel Corporat ion .  
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F ig u re 63 .  The Petro leum D istri b ut ion  System .  
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SOURCE: National Petro leum Counci l ,  Petroleum Storage and Transportation Capacities, 1 979. 
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1 .  Pr imary C r ud e  O i l  D i s t r i b u t ion System 

Pr imary c rud e oil  t r unk p i pe l ines  are comp a r ab l e  to the l ong 
l ines sys tems in c ommun ic a t ions or to the ma i n  l i ne s o f  ra i l road s . 
The se trunkl i ne s  are  s e rved by g a the r ing sys tems i n  prod uc i ng areas  
tha t p i ck up c r ud e  o i l f rom n umerous o i l  f i e l d s  a s  we l l  a s  f rom 
mar ine unl oad i ng t e rmi nal s .  

Tr unk p i pe l i ne s , t he pr inc ipal mod e o f  c rud e o i l  tran spo rta­
t ion , are g e n er a l ly routed through foca l  po i n t s , o r  h ub s , wh ere a 
n umber o f  p i pe l i n e s  converg e . These hubs a r e  c omparab l e  to l oca­
t ions on a ra i l road f re i g h t  i n terchange sys tem . At s uch po i n t s , 
tran s f e r s  to c a r r i e r s  d e s t i ned e l sewh e r e  may b e  impl emen ted . 
Example s  of  s uch l o c a t ions are : M id l and and Od e s s a  i n  we s ter n 
Te xa s ; Lo ngv i ew i n  e a s t e r n  Te x a s ; C u s h ing , Okl ahoma ; F o r t  La ram ie 
and Guern sey , Wyom i n g ; and Pa toka , I l l i no i s .  A l arge amo u n t  o f  
s torage c apac i ty i s  requ i red a t  the se po i n ts , n o t  o n ly t o  e n ab l e  
the o i l t o  b e  b ro ug h t  i n to t h e  area f rom n umerous p rod uc i ng r e ­
g ions , b u t  a l so t o  prov i d e  t h e  tankage f o r  seg reg a t ion , b a t c h i ng , 
and i nvento ry i ng n e c e s s a ry for con t i nuous p i pe l i n e  oper a t ion be fore 
the oil can be moved to re f i ner ie s . 

2 .  Pr imary P rod u c t s  D i s t r i but ion Sys tem 

Th e pr imary prod uc t s d i st r i b u t ion sys tem is compo sed of the  
prod ucts p i pe l ine s , tank c ar s , and  tank t r ucks t ha t move p rod u c t s  
ove rland and the barg e s and tankers t h a t  prov i d e  wa te rborne move ­
ment s . Wh i l e  prod uc t s  are s t i l l  i n  re f i ne ry tanks t h e re i s  u s u a l ly 
a cho i c e  as to the d i re c t ion in wh i c h  the prod u c t s  may move , a l ong 
w i th a cho i c e  o f  the  mod e o f  transpor ta t io n . Onc e  a p rod u c t  i s  o n  
i ts way i n  an e l em e n t  o f  t h e  pr ima ry d i s tr ib u t ion sys tem , i t  i s  
gene r a l l y  c ommi t ted to the g eograph i c  are a t h a t  i s  s e r v i c ed by that 
par t i c u l a r  e l eme n t . 

Fo r exampl e ,  t he Colon i a l  P i pe l ine e x t e nd s  f rom the Ho us ton­
Bea umont , Te xas , area to New York Harbo r , and pa s se s  t h ro ug h  Ba to n  
Ro uge , Atl an ta , Gr eensboro , Ri chmond , Wa sh i ng ton , D . C . , Ba l t imore , 
and Ph i l ad e lph i a . The prod uct i n  the pr imary d i s tr i b u t io n  s y s tem 
c an be sold or e x changed by the sh ippe r a t  a ny po i n t  o r  d i v e r ted by 
the sh ipper to any d e l ive ry po i n t  along i t s  g eog raph i c  route . Whe n  
the prod u c t  i s  d e l iv e red o u t  o f  the p i pe l i n e  i n to a b u l k  t e r m i n a l  
tank a l o ng the  route , i t  l e ave s t h e  pr ima ry s y s t em a n d  e n te r s  the  
second ary sys tem , a nd the ab i l i ty to  d i ver t tha t prod u c t  to a 
d i f f e r e n t  geog raph i c  l oc a t io n  be come s  even mo r e  l imi ted . 

3 .  S e cond a ry D i s tr i b u t ion System 

Pe t ro l e um prod uc t s  l e ave the pr imary d i s tr i bu t ion sys tem e i the r 
for f ur th e r  d i s tr ib u t ion throug h the sec ond a ry sys tem o r  f o r  d i re c t  
sale t o  con s ume r s . Th i s  se cond a ry sys t em i nc l ud e s  sma l l  re s e l l er s  
o f  pe tro l e um prod u c t s  ( j obbers ) ,  s uch a s  b u l k  p l an t s , g a s o l i n e  
s e rv ice s ta t ions , or f u e l  o i l  d e a l er s . De l i v e r i e s  a r e  g e n e r a l l y  
mad e b y  tank truck . Th e se cond ary d i s t r ibu t i o n  sys t em a l so ho l d s  a 
cons iderable amou n t  o f  i nven tory and tank capac i ty . 
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Con s ume r s  o f  pe t ro le um prod ucts  i nc l ud e  i nd i v i d u a l s  who buy 
g aso l i ne for the i r  c a r s  and d i s t i l l a te f u e l  o i l  to he a t  the i r  
home s .  Amo ng o t he r cons umer s  o f  pe t rol e um p rod uc t s  a r e  t h e  agr i ­
c u l tural i nd u s t ry , u t i l i t i e s , l arge a n d  sma l l  manu f a c t ur ing i n­
d u s t r ie s , and transpo r t a t ion compan ie s .  Almo s t  a l l  cons umer s  h av e  
the i r  own s to rag e fac i l i t i e s  for the prod u c t s  they c o n s ume . 

B .  P e t ro l eum P i p e l i ne s  

Pe tro l e um p i pe l i n e s  normal ly c ar ry e i the r c rud e o i l  o r  pe tro­
l e um prod uc t s , a l though some p i pe l i n e s  c ar ry both . The se p ipe l i ne s  
and f ac i l i t i e s  a r e  d e s i g ned , construc ted , t e s te d , ope r a te d , a nd 
ma i n ta i ned i n  acco rd ance w i t h  DOT reg u l a t ion s , wh i c h  a r e  l arge l y  
based o n  cod e s  and s tand a rd s  d eve loped and pub l i shed by t h e  o rg an i­
zat ions l i s ted b e l ow : 

• Ame r i c a n  Pe trole um In s t i t u te 

• Ame r i ca n  Soc i e ty o f  Me chan i c a l  Eng i ne e r s  

• Man u f ac t urer s S tand ard i za t ion Soc i e ty 

• Ame r i c a n  Na t iona l S tand a rd s Ins t i t u te 

• Ame r i c a n  Soc i e ty for Te s t i ng and Ma t e r i a l s  

• Na t ional F i r e  Prevent ion As soc i a t ion 

• Na t ional  As soc i a t ion of Co rros ion Eng i n e e r s . 

State and l oc a l  reg u l a to ry agenc i e s  may have appl i c a b l e re g u l a­
t ions , wh i ch in some i n s tanc e s  can be more s t r i ng en t . 

Dome s t i c  c rud e o i l  i s  move d  by p ipe l ine f r om prod uc ing o i l  
f i e l d s  to re f in e r ie s ( o f te n  f rom thous and s o f  o i l  w e l l s  t h roug h 
sma l l e r g a th e r ing l i n e s  and ma in l i nes ) and impo rted c r ud e  o i l  i s  
moved b y  p ip e l ine f rom po r t s  to re f i ner ie s . Pe trole um p rod u c t  
p i pe l i n e s  move re f i ned prod uc ts from re f i n e r i e s  t o  t e rm i n a l s  f rom 
wh ich d i s t r i bu to r s  move i t  to the marke t . 

Crud e  o i l  and pe t ro l e um prod ucts  are p umped through p i p e l i ne s  
i n  a conti nuo u s  f l ow ,  prope l l ed by var ious type s o f  p ump i ng e q u i p­
men t . Pipe l ine s are connec ted to s torage f ac i l i t i e s  c a l l ed tank 
f arms at the i r  o r ig i n  and d e l ivery po i n t s , a nd some t ime s to tanks 
at i n t e rmed i a te po i nt s . Al l pe t role um e n te r i ng or l e av i ng the 
s ys tem is m e a s u r ed to account �o r  any d i f fe re n c e s  b e twe e n  r e c e ipts  
i n to the  p i pe l ine and d e l ive r i e s  o u t  o f  the p i pe l i n e . 

1 .  Rou t e  S e l e c t ion 

A maj or par t of pl ann i ng a new p i pe l ine is route s e l e c t io n . 
The ke y cons i d e r a t ions f o r  rou t i ng are the o r ig i n ,  d es t i na t io n , a nd 
i n t e rmed iate  d e l ivery po i n t s . Prod uct p i pe l i n e s  typ i c a l l y  h ave a 
n umber o f  i n t e rmed i a te d e l ive ry po i n t s  because  prod u c t  d emand tend s 
to b e  d i s tr i bu te d  wi th pop u l a t io n ; c r ud e  o i l  p i pe l ine s norma l ly 

3 3 4 



have only a few i n te rmed i a te d e l ivery po i n ts , wh i ch are d e te rm i n ed 
by re f inery loc a t ions o r  by p i pe l i n e  d i s tr i b u t ion c e n ter s . 

Ano ther cons i d e r a t ion i s  topog raphy . H i g h  te rra i n  g e n e r a l l y  
means h ig h e r  con s t ruc t ion and pump i ng cos t s ; i t  t ake s mor e  powe r to 
pump pe t role um uph i l l  than i t  doe s to p ump i t  along f l a t  t e r ra i n . 
River c ro s s i ng s  are mo re e xp e n s i v e  to cons t r uc t b e c a u s e  o f  b u r i a l  
requ i reme n t s  cau sed b y  fac tors s uch a s  s h i f t i ng c ur r e n t s , f l ood 
p l a i n s , a nd cour s e  chang e s . Whe r e  po s s i b l e , urban areas  and r iv e r  
c ros s i n g s  a r e  avo i d e d  b e c a u s e  o f  h ig h e r  con s tr uc t io n  cos t s . Th e 
p ipe l ine company m u s t ob t a i n  r ig h t-o f-way fo r the ro u te e i th e r  by 
purchase of l and or p urchase  or l e a s e  o f  r i gh t-o f -way f rom t h e  l and 
owners . 

Pe rm i ts are requ i red f rom var ious ag enc i e s  o f  f e d e r a l , s t a te , 
and local  governme n t s . The pre c i se requ ireme n t s  vary , b u t  gove r n ­
me n t  pe rm i t s for mo s t  proj e c t s  now requ i re a m i n imum o f  two to 
three ye ars  for proc e s s ing . The route s o f  mo s t  ma j or p i pe l i ne s 
proposed in the l a s t  several  ye ars  hav e me t w i th some env i ronme n ta l  
ob j ec t ion s . The p i pe l ine c ompany may answe r  t h e  ob j e c t i o n s  s a t i s­
facto r i l y  o r  change construc t ion or ro u t i ng plans to resolve the 
obj e c t ion . I f  re so l u t ion i s  not pos s i b l e , the p i pe l i n e  cons t r u c ­
t ion pl ans may b e  c anc e l l ed or s u spended . 

2 .  Con s t r u c t ion 

P i pe l i n e s  are u s ua l ly c o n s t r uc ted by spe c i a l i ze d  p i pe l i ne 
con tractor s . F i r s t , the p i pe l i n e ' s  r i gh t-o f -way i s  c l e ared t o  
accommod a te cons truc t io n  equ i pme n t . Pi pe s e c t i on s , o f ten 4 0  t o  8 0  
fee t i n  l ength , are p l ac e d  ( o r '' s tr u ng " ) a l o ng the  c l e ared r ig h t ­
o f -way , a n d  t h e  d i tc h  i s  e x c av a ted . Wh e r e  n e c e s s a ry , t h e  p i pe i s  
bent to f i t  the d i tch , we lded e i th e r  man u a l l y  o r  a u toma t i c a l ly ; 
c l e aned , wr apped , o r  o th e rw i se corros i o n  pro te c ted ; a nd l owered 
i n to the d i tch . We lded j o i n t s  are v i s ual ly i n spec ted and many ar e 
e xam i ned by rad iog raphy to d e te c t  f l aws . Any f l aw r equ i r e s  e i th e r  
repa i r  or removal  o f  t h e  we ld and we ld ing the  j o i n t  ag a i n . 

Many improveme n t s  have been and are be i ng made i n  p i pe l i n e  co n­
s truc t i on techno l og y . An e x ampl e  of the appl i c a t i o n  of th i s  te ch­
nology i s  the Tran s -Al aska Pipe l i n e  Sys tem ( TA P S ) ,  wh i c h  now c a r­
r ie s  1 , 5 2 0  t hou s and barre l s  pe r d ay ( M B/D ) o f  c r ud e  o i l  a c r o s s  the 
Al askan w i ld erne s s . 

3 .  Mate r i a l s  and Equ i pment 

In the pas t d ec ad e  many ad vanc e s  have been mad e i n  the ma t e­
r ia l s  used i n  p i pe l i ne s . In t urn , t h e s e  n ew m a t e r i a l s  have c a u s e d  
t h e  d e ve l opme n t  o f  n e w  con s truc t ion equ i pmen t  a nd t e c h n i q ue s . Fo r 
exampl e ,  the y i e l d  s t reng th o f  p i pe s t ee l h a s  r i se n  s t e ad i ly , t h u s  
perm i t t i ng t h e  u s e  o f  th inner  ye t s tronger p ipe wa l l s . P i pe tod a y  
has a y i e l d  s treng th o f  u p  t o  7 0 , 0 0 0  pound s p e r  s q u a r e  i n c h  ( p s i ) ,  
an increase o f  2 5  t o  3 5  p e r c e n t  over s tee l s  u s e d  1 0  years  ag o .  At 
the same t ime , n ew a l l oy s  have improved the d uc t i l e  charac te r i s t i c s  
and the low-tempe r a t ure prope r t ie s o f  the p ip e . The s e  d e v e lopme n t s  
have improved s e rv i ce o v e r  a wid e rang e o f  cond i t i o n s , r e s u l t i ng i n  
s ign i f i c an t l y  lowe r con s t r u c t ion c o s t s . 
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Au toma ted p ipe we ld i ng techniques are c ommon tod ay . New 
we l d i ng rod s w i th h ig h  tens i l e  s treng ths and spe c i a l  prope r t i e s  
tha t  m i n im i ze the c rack i ng o f  h igh y i e ld s tr e n g th we l d  me t a l  h av e  
b e e n  d ev e l oped fo r use  wi th n e w  s tee l s  and a l l oys . Ne w we l d i ng 
proce s s e s  h ave b e e n  d eve lope d , permi t t ing f a s t e r  c on s tr u c t ion and 
h ig h e r qua l i ty we l d i ng . 

Ne w mater i a l s and proc e s s e s  fo r coa t i ng both the  o u t s i d e  and 
ins id e  of  p ipe h ave b e e n  d eve lope d . In the pas t ,  e x t e r n a l  coa t i ng s  
were usua l ly mad e from l aye r s  o f  asph a l t o r  coal t a r , e name l , f e l t ,  
woven g la s s  f ib e r s , o r  pape r . Re cently there h a s  b e e n  i nc r e a sed 
use of  pl a s t i c  tape , e x t r ud ed pl a s t i c s , and f u s i on-bonded epoxy 
th i n- f ilm coa t i ng s  to coat the outs i d e  o f  p i pe l i ne s . Fus io n-bonded 
epoxy t h i n  f i lms are a l so ava i l able  fo r i n s id e  c o a t i ng . 

Eng i ne s , mo tors , and p umps used on p i pe l i n e s  have n o t  c hang e d  J (  d ra s t ic a l l y  i n  r e c en t ye ar s , b u t  improvemen t s  are con s tan t l y  be i n g  
' ' mad e . Mo r e  e f f i c ie n t  ye t sma l l e r  e l e c t r i c  mo to rs t o  d r iv e  p i pe l ine 

� ,  pumps re s u l t  i n  red uc e d  c o s t s  and space sav i ng s . Low-speed i nd u s ­
tr ial and h ig h- s pe ed a i r c r a f t  turbines  a r e  a l so u s e d  to d r i v e  
p i pe l ine p ump s . Whe r e  e l e c tr i c a l  powe r i s  inacce s s i b l e  o r  very 
e xpe n s iv e , t ur b i n e s  can be fue l ed by g a s or a sma l l  po r t i o n  of the 
pe t ro l e um be i ng p umpe d . TAPS has several sma l l  topp ing p l an t s  
a long i t s  rou te tha t take c rud e o i l  from t h e  p i pe l i n e ,  prod uce a 
d ie s e l  f ue l  prod uc t to s upply the pipe l in e ' s  t urb i ne s , and re t ur n  
the unused po r t ion o f  the c r ud e  o i l  to the p i pe l i n e , whe r e  i t  i s  
m i xed wi th the pas s i ng c r ud e  o i l . 

El ec t ron i c , pne uma t i c , and h yd ra u l i c  equ i pmen t  f o r  r emo t e l y  
c o n tro l l i ng a n d  mon i to r ing p i pe l ines h a s  c hanged s u b s tan t i a l ly . 
Comp u te r i ze d  s upe rv i so ry sys tems and so l id s ta te e l e c tron i c s  have 
re s u l ted in more e f f i c i e n t  c e n tr a l i zed p i pe l i n e  ope ra t ion s . One o r  
more p i pe l i n e  sys tems c an now b e  mon i to red f rom a compu t e r i ze d  con­
trol c e n te r , requ i r i n g  f ewer peopl e and p ro v i d i ng s ub s tan t i a l ly 
mor e  d a ta than p r ev i o u s  sys tems . 

4 .  Ope r a t i o n s  

A p ip e l ine can be a s i ng le l i ne o f  un i f o rm d i ame t e r  pump i ng a t  
a un i fo rm r a t e  f r om one pl ace t o  ano the r ,  or i t  c a n  be a s ub s ta n­
t i a l ly more comp l e x  sys tem . The l i ne can have i n te rmed i a t e  en try 
and e x i t  po i n t s , chang e d i ame t e r s  or p ump i ng c apab i l i t ie s  a t  
var ious po i n t s , o r  be several separate p i pe l i n e s  r unn ing s id e  by 
s id e  w i t h  vary i ng d i ame ter s -- the comb i n a t ions are almo s t  l imi t ­
l es s . Th e typ i c al p ipe l i n e  wi l l  have o r ig i n  and d e l ivery po i n t s , 
bre akout tankag e , and a d e creas i ng o r  i nc re a s i ng c apac i ty a s  the 
l in e  approac h e s  i t s  t e rm i n u s . Al l of  the se f a c t o r s  make s c hed u l ing 
p ipe l ine moveme n t s  and ove r s e e ing p i pe l ine ope r a t i o n s  a d i f f i c ul t 
and comp l e x  task . 

Th e vol ume o f  l i q u id a p i pe l ine can c ar ry d epend s upo n the s i ze 
o f  the p i pe l ine , the  capab i l i t i e s  o f  i t s  p ump s and d r i v e r s , the 
spe c i f i c  g rav i ty and v i scos i ty of the l i qu i d  be ing p umped , a nd the 
topog raph y of the p i pe l ine route . Common c ar r i er p i p e l i n e s  p ub l i s h  
tar i f f s  tha t e s tabl i sh t h e  pr ice for sh i pp i ng thro u g h  them , and 
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s tate the cond i t ions and spe c i f i c at ions o f  wh a t  �ay b e  s h i pped . 
A p i pe l in e  may s e t  spec i f ic a t ions on the pour po i n t  o f  the l iq u i d  
( the max imum tempe r a t ur e  a t  wh ich t h e  l iq u i d  w i l l  no l ong e r  f l ow )  
and i t s  v i scos i t y  ( a  me as ure of the re s i s tance to f l ow e xh i b i ted by 
the l iqu id ) because  the rate of f l ow o f  a p i pe l i ne i s  d e te rm i ne d  by 
the slowe s t  mov i ng l iqu id in the pipe l ine . In  add i t io n , c r ud e  o i l  
p ipe l ines  u s ua l ly h av e  spe c i f i c a t ions o n  the s u l f ur conte n t , wa ter 
content , gravi ty , and other  proper t i e s  of the c r ud e  o i l  t h a t  they 
w i l l  ship ; prod u c t  p i pe l i n e s  a l so may have l im i te d  c apab i l i ty to 
hand l e  c e r t a i n  prod uc t s . The reasons for e s tabl i sh ing spec i f ic a­
t ions on ma te r i a l s  hand led in  c r ud e  o i l  and prod u c t  p i p e l i n e s  are 
the need to ma i n t a i n  the r a te o f  flow a t  a n  opt im um l e v e l  and the 
d e s ire to avo id downg rad ing or contam i n a t i ng the c r ud e o i l  or 
prod ucts norma l ly s h i pped . 

Because contam i n a t i o n  r e s u l ts i n  c o s t  p e n a l t i e s  to the s h i p­
per and/or the p i p e l ine , p i pe l ines  pro tec t c r ud e  o i l and p rod uc t 
qual i t ies  by means o f  c ar e f u l  qual i ty control pr ac t i c e s . Se para­
t ion o f  d i f f e r e n t  g rade s  o f  c r ud e  o i l  or pe trole um p rod uc t s  in a 
p ipe l ine i s  cal l ed b a tc h i ng . To m i n im i ze contam i na t i o n , b atches 
are some t ime s phys i c a l ly separa ted by b a tc h i ng d e v i c e s  s uch a s  
e l ast ic sphe re s .  Ev e n  i f  b a tch i ng dev i c e s  a r e  u s e d , some m i x ing , 
or i n te r f ace , oc c ur s . To m i n imi ze t h i s  in t e r f ac e  and max imi ze the 
uncon tam i n a ted crud e o i l  or prod uc t ,  s h i pm e n t s  a r e  ba tched in a 
con t i nuous , ord e r ly sequence w i th sh i pmen t s  o f  s im i l ar q u a l i ty . 
Crud e o i l  i s  norma l ly b a tc hed by seque nc ing compa t ib l e  c rud e o i l s  
con s id e r i ng s uch qual i t i e s  a s  spec i f i c  g r av i ty , v i sco s i ty , s u l f u r  
conte n t ,  and whe th e r  the c r ud e  o i l  is  aspha l t i c , p a r a f f i n i c , o r  
naph then i c  based . Prod ucts  are typ ic a l ly sh ipped i n  g roups tha t 
move from l ig h t e r  to he av i er g rav i t i e s  and then back to l ig h t e r  
aga in i n  seque nces s uch as th i s : gasol i n e -kero s i n e - f u e l  o i l , f ue l  
o i l-keros i ne-g aso l ine . Th i s  seque nce of  prod u c t  i s  norma l ly moved 
in reg ular , repe t i t ive cyc l e s  that are u s u a l ly 1 0  d ay s  in l ength , 
w i th three cyc l e s  pe r mon t h  and 3 6  cyc l e s  pe r ye ar . Cyc l e s  may 
vary d epend i ng on the p i pe l i n e  capac i ty ,  s c he d u l i ng of re f i n e ry 
ope r a t ions , and marke t demand . 

In a seg reg a ted p i pe l i ne ,  s pe c i f i c sh i pme n ts a r e  i d en t i f ied as 
the property o f  a sh i pper and are moved t h ro ug h  the  p i p e l i n e  in  
s uch a wa y as to ma i n ta i n the i n teg r i ty and i d en t i ty of the  spec i­
f i c prod uc t . In a f ung i b l e  prod ucts p i p e l i n e , the  p i p e l i ne company 
s e t s  a rang e o f  spe c i f i c a t ions for each g rad e o f  f un g i b l e  prod uc t . 
Al l vol ume o f  that  p rod uc t g rade i s  c omm i ng l e d  o r  m i x ed i n to a 
s ing l e  b a tch . Whe n  the f ung i b l e  batch reache s the  d e l i v e ry po i n t , 
every sh ipper rece ive s h i s  approp r i a te vo l ume . The sh ippe r can 
r ece ive ano ther s h i ppe r ' s  o r ig in a l  prod uc t r a t h e r  than h i s  own w i th 
the real i za t ion t ha t  the prod uc t rece ived mee t s  the spec i f i c a t i on s  
requ i red . In a common str e am crud e  o i l  p i pe l i ne , the  c r ud e  o i l  the 
sh ipper rece ive s may vary f rom that wh i c h  the  s h i pp e r  p u t  i n to the 
p ipe l ine . Some t ime s the sh ipper wi l l  pay o r  r e c e ive a pr i c e  d i f­
ferent i a l  based on the qua l i ty d i f ference b e t we e n  t h e  o i l  d e l ivere d  
i n to the l i ne and the o i l  re c e ived , b u t  u s u a l l y  h e  w i l l  s imply take 
the c r ud e  o i l , prov ided t h a t  it is e i th e r  a l l  s we e t  c r ud e  o i l  ( l e s s  
than 0 . 5  we ig h t  pe rcen t s u l f ur ) o r  a l l  sour c rud e o i l  ( g re a te r than 
0 . 5  we igh t p e rc e n t  s u l f u r ) . Whe n  l arge d i f fe r e n c e s  e x i s t  i n  the 
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q ua l i ty o f  c rud e o i l  i n j e c ted i n to a p i pe l i n e , a g r av i ty-s u l f ur 
bank may be e s tabl i shed to compensate the sh i pp e r  f o r  the  d i f fe r­
ences i n  the q u a l i ty o f  c r ud e  o i l  d e l ivered and r e c e ived . 

E f f i c ie n t  p i pe l i n e  ope r a t ions d epend o n  l arge s h i pme n t s , wh i c h  
re s u l t  i n  l owe r ope ra t i ng c o s t s  f o r  t h e  p i pe l i n e , and con seque n t ly 
l owe r transpo r ta t i o n  c o s t s  to sh i ppers . Pi pe l i n e s  normal l y have 
m i n imum b a t ch s i ze s  rang i n g  upward f rom 2 5 , 0 0 0  barre l s .  M i n imum 
batch r eq u i r eme n ts a r e  o f t e n  es tab l i shed for ope r a t i ng reasons and 
for ma i n ta i n ing prod u c t  i n t eg r i ty . The p urpo s e  o f  e s tabl i sh ing 
m i n imum batches is to ke ep the i n te r f a c e s  sma l l in r e l a t i o n  to the 
s i ze of the sh i pmen t  and thu s m i n imi z e  l o s se s . 

Ind i v idua l s  o r  compan i e s  that need to s h i p  c r ud e  o i l  or p ro d ­
u c t s on a commo n c ar r ie r  p i pe l ine may d o  s o  i f  t h e y  m e e t  t he 
req u i reme n t s  o f  the p i pe l i n e ' s  p ub l i shed t ar i f f s a nd a s k  f o r , or 
nom i nate , s h i pme n t  o n  the p i pe l i n e  d u r ing the corn i ng mon th by 
i n form i ng the p i pe l i n e  wha t and when they wan t to s h i p . If  they 
mee t  the pub l i shed r u l e s  and reg u l a t ions of  the  p i pe l i ne ' s  tar i f f  
( wh i ch i s  f i le d  wi t h  the Fed e r a l  Energy Reg ul a tory Commi s s io n ) ,  the 
p ipe l i n e  con f i rms the movemen t  and a sh i pmen t d a te . Af t e r  the 
batch has  been d e l ivered to the s h i ppe r or to a conne c t ing p ip e­
l ine , the sh ippe r i s  b i l led for the movem e n t  a t  the  rate p ub l i shed 
i n  the tar i f f . 

I f  the  reque s t s  for s h i pmen t s  d ur i ng a g i ven mon t h  are g re a ter 
than the c apac i ty ava i l abl e , a p i pe l i ne may have to prorate av a i l ­
able capac i ty amo ng a l l  those nom i n a t ing f o r  i t . B e c a u s e  o f  t h e  
i nc re a s ing d emand f o r  p i pe l ine tran spo r t a t ion , a f e w  p i pe l i n e s  i n  
t h e  Un i te d  State s h ave had t o  prorate capac i ty among s h i pper s . 
P i pe l i n e s  g e ne ral ly have f o rm u l a s  for comp u t ing p ro ra t i o n s  i n  o rd e r  
to t r e a t  s h i pp e r s  o n  a f a i r  and e q u i table b a s i s . 

The phys i c a l  charac te r i s t i c s  o f  p i pe l i ne ope r a t io n s  requ i re a 
p ipe l i ne to b e  f ul l  be f o re any d e l ive r ie s  c a n  b e  mad e . Th i s  l i ne 
f i l l  i s  normal ly f ur n i shed and owned by a l l  of the sh ippe r s  o n  a 
p i pe l i n e  b u t  r ema i n s  i n  the cu stody o f  the p i pe l i n e  company . It  
i nc l ud e s  p i p e l ine f i l l ,  man i fold i ng and tank l i ne f i l l ,  and work ing 
s to rag e f i l l . Li ne f i l l  can be as much a s  s e v e r a l  m i l l ion barre l s . 

Sched u l i ng sh i pm e n t s  t hrough a p i pe l i n e  i s  a c omp l e x  and 
exac t i ng j ob . The p i pe l i ne compan ie s m u s t  b a l ance a l l  the v a r i ous 
nom i n a t i o n s  o f  d i f fe ren t qu a l i t i e s  o f  c rud e o i l  o r  g rad e s  o f  prod­
uc t s , the i r  en t ry po i n t s  and d e s t i n a t ions , a nd the i r  s h i pmen t  and 
a rr iv a l  d a te s .  Many p ip e l ine compan i e s  u se comp u te r s  to prepare 
and ad j u s t  s hor t- and lon g-range sched u l e s  and u pd a te them on a 
r eg ul a r  ba s i s . Sc hed u l e  chang e s  o f te n  occur  o n  both a sho r t-
and a long-rang e b a s i s ,  and s h i pmen t  d a te s  mus t be sh i f te d  f ro m  
week to we ek a nd day to d ay . Th e se chang e s  a r e  c a u s e d  by r e f i nery 
s h u tdown s , p i pe l i n e  ope r a t ing probl ems , e r ra t i c  tanker arr i va l s , 
a nd vol ume chang e s  by s h i ppe r s . In add i t io n , p i pe l i n e  s c he d u l e s  
vary s e a son a l l y  as prod uc t d emand change s .  

P i pe l i n e  ope r a t ions are mon i tored aro und the  c lock f rom a c e n­
t ral l oc a t i o n  by d i spa tch i ng pe r so nnel , many u s i ng s uperv i so ry con­
trol equ i pmen t ( se e  F ig ur e  6 5 ) .  Dispatchers con t ro l  ope r a t ions  a t  

3 3 8  



w 
w 
'-0 

ALPHA/NUMER IC  CRT 

CONTROL R O O M  

MOTOR OPERATED 
VALVES 

R E M OTE STATION 

DATA BUS 

F IELD JUNCTION BOX 

BULK MEMORY 

CENTRAL 
FAC I L ITY 

PROGRAMMERS INPUT/OUTPUT 

SOURCE: Houston Eng i neer ing Research Corporat ion .  

TO OTHER R EMOTES 

PUMP 

Fig u re 65. P i pe l i n e  S u pe rv isory Contro l  Schemat ic .  

TANK 

TEMPERATU R E  E LEMENT 

CONTROL UN IT  

BOX 

CONTROL UN IT  

VALVE 



r emo te , unmanned f ac il i t i e s ; ke e p  t r ack o f  the g rad e ,  qua n t i ty ,  and 
owne rsh i p  o f  each ba tc h ;  coord inate w i th f i e ld operat ion p e r sonne l 
a t  manned fa c i l i t ie s ; a nd mon i to r  f l ow r a te s , pr e s s ur e s , and s h i p­
men t s  to ma i n ta i n  s a f e  and e f f i c i e n t  ope r a t ions . 

Whe n  t ro ubl e o c c ur s , s uch as a s udden i nc re a s e  o r  d rop i n  pre s­
s ur e , a l arm sys tems a l e r t  the ope rator and may beg i n  a prog r ammed 
shu td own of ope ra t i on s .  The i n d u s t ry i s  wo rk i ng to p e r fec t mor e  
s e n s i t iv e  and rel i a b l e  d ev i c e s  t o  me asure f l ow i n to and o u t  o f  the 
l in e . Au toma t i c  comp u t e r  compar i son o f  the s e  me as urement s ,  wh i c h  
compe n s a te fo r chang e s  i n  g r av i ty ,  v i sc os i ty , p r e s s ur e , a nd temper­
a t ure , w i l l  i nd i c a t e  i f  some o i l  has  been lost a l o ng the way . 

Al tho ugh th i s  v i ew o f  p i p e l i n e  ope r a t ions ind i c a te s  how comp l e x  
the ope r a t i o n  o f  a p i pe l i n e  c an be , i t  has  only cons i d e red the 
opera t ion of a s i ng l e  p i pe l i n e  or p i pe l i ne sys tem . In  prac t i c e , a 
s h i pmen t  o f  crud e  o i l  or prod u c t  may chang e sys tems several  t ime s 
be fore i t  i s  d e l ivered to i t s  f in a l  d e s t i n a t io n . For e x ampl e ,  
c rud e o i l  f rom sou the a s t e r n  Utah can move throug h t he Te x a s-New 
Me x ic o  Bas i n , Cush i ng t o  Ch i c ag o , Te x ac o-C i t ie s  S e rv ic e , Lakeh e ad , 
and In te rprov inc i a l  Sys tems to the Bu f f a l o ,  New Yo rk , r e f i n e r ie s ; 
or prod u c t s  can move f rom Lake Charle s ,  Lou i s i an a , to P i t t sb urgh , 
Pe nn syl van i a ,  t hrough e i th e r  the Co lon i a l  and La urel  Sy s tems o r  the 
Explore r ,  Arco , and Buckeye Sys tems to prod uc t d i s t r i b u t ion te r­
m i nal s . The se s h i pme n ts may b e  sh i pped on p i pe l i n e s  w i th v ary i ng 
qual i ty requ i reme n t s  o r  may b e  moved through s e v e r a l  d i f f e r e n t  
s torag e  f a c i l i t i e s  b e twe e n  p i pe l i ne s ; howeve r ,  t h e y  w i l l  me e t  t h e  
s h i ppe r ' s  qual i ty spec i f i c a t ions a t  the i r  d e s t i n a t ion . 

5 .  I n t eg r i ty and Ma i n te nance 

Improveme n t s  in p i pe l i ne i n t eg r i ty and ma i n tenance have d r a­
mat i c a l ly r ed uc ed the n umber o f  p i pe l i n e  l eaks o r  a c c i d en t s . Th e s e  
improveme n t s  a r e  a re s ul t  o f  many f a c tor s , the  mo s t  i mpor tant  o f  
wh i ch are : 

• Ma te r i a l  q u a l i ty 

• We ld i ng techn ique s 

• Co a t i ng s  

• Te s t i ng 

• In spe c t io n s  

• Ca thod i c  pro te c t ion . 

Of pr imary impo r tance i s  the h i g h-g rad e s t e e l  u s e d  to man u f a c ­
t ure the p ipe . A c r i t i c a l  j ob o n  the con s tr u c t ion s i te i s  we ld i n g  
the p i pe tog e the r . On ly h ig h ly qual i f i e d  and te s t ed we l d e r s  a r e  
used , and the i r  wo rk i s  kept und e r  con t i n uo u s  c lo s e  i nspec t io n , 
both v i s ua l ly and r ad i og raph i c al ly .  Prope r  we l d s  a r e  ac t u a l ly 
s tronger than the p i pe i t se l f . Be fore the  l in e  is  l owered i n to the 
d i tch , t he o u t s i d e  o f  the p i pe i s  covered w i th pro te c t iv e  coa t i ng . 
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Be fore the  l i ne i s  p u t  i n to opera t ion , i t  i s  te s ted by f i l l ing 
segments  wi th l iq u i d  ( u sual ly wa te r ) and r a i s i ng the pre s s ure to 
exceed the h i ghe s t  s t re s s  l evel e xpec ted d u r i ng normal operat ions . 
Th i s  hyd ros t a t i c  te s t  i s  c o n t i n ued for a pr e s c r i b ed t ime i n  ac­
cordance wi th DOT reg ula t ion s . Fo r con t i n u ing p ro te c t ion ag a i ns t 
e x te rnal corros ion , a low vol tag e  d i rec t c u r re n t i s  appl ied to the 
p i pe to coun terac t the nat ural pipe-to-ground corro s io n-ca u s i ng 
c ur re n t s  that can eve n t ua l ly r e s u l t i n  l e aks . Wh e r e  n e c e s sary , 
corros ion i nh i b i tors are i n j e c ted i n to the p i p e l i ne s t r e am d u r ing 
ope ra t i o n  to  pro t e c t  ag a in s t  i n ternal corro s ion . 

Pi pe l i n e  ma i n te nance i s  con t i n uo u s  and invo l v e s  rou t i ne ma i n­
tenanc e o f  the p i pe l i n e ' s  p ump s ta t ions and r i g h t s-o f -way . Equ i p­
men t , pump s ta t ions , a nd tank farms req u i re repa i r , r epl acemen t ,  
and/or r e c a l i b r a t ion . Many p i pe l ine compan i e s  have ma i n tenance 
c rews to repa ir l eaks , wh i l e  othe r s  have contrac t personnel  av a i l ­
able o n  sho r t  no t i c e . Some p i pe l ine compan i e s  per f o rm ma j or ma i n­
tenance w i th company pe rso nnel , s uc h  as l i n e  l owe r i ng o r  r e l oc a­
t ion , wh i l e  o t h e r s  con trac t o u t  ma j o r  ma i n te n a nc e . Howeve r ,  a l l  
compan i e s  use the i r  employe e s  t o  s upe rv i se and i n s pe c t  the wo rk 
per formed by other s . 

Pipe l i ne s  are c l e aned i n ternal ly o f  d i r t , sed imen t , wa x , and 
o ther ma t te r  by u se o f  s c rape rs , o r  " p ig s , "  wh i c h  c a n  be e i ther 
cyl i nd r i c a l ly s haped me t a l  d ev i ces w i th kn i ve s  and/or w i re b r u she s , 
o r  polyur e thane dev i c e s  o f  various shape s . Th ey a r e  p u t  i n to and 
taken out of the p i p e l i ne thro ugh p i pe and v a l ve a s s embl i e s  c a l le d  
s c rape r traps . Th e se sc rape rs are prope l l ed by the  o i l i n  the 
pipel i ne a t  the l in e  f l ow r a te and push the  d i r t  o r  wax i n to th e 
s c rape r trap wh e r e  i t  i s  removed . 

Many prob l em s  a l o ng the p i pe l ine can be l oc a te d  and id en t i f ied  
by comp u t e r s  a t  the p i pe l i n e ' s  con trol c e n te r . Sma l l  l e ak s  tha t 
m ig h t  no t resul t i n  r e ad i ly i d e n t i f i a b l e  d rops i n  l i ne p r e s s u r e  are 
typ ic a l l y  loca ted by a i r c ra f t  pa trol s .  Al l ma i n  l i n e s  are i n­
spe c ted a t  l e a s t  once  every two we eks and i n  many c a s e s  more fre­
quently , u s u a l l y  by aer i a l  pa t ro l , to  c h e c k  the  p i pe l i n e  route fo r 
abnormal cond i t ions  s uc h  as wa shou t s ,  n ew e x c av a t i o n s  o n  o r  near a 
pipe l ine , othe r con s tr uc t io n , and so i l  d i scolor a t ion f rom l e aks . 

When nece s sa ry , ma i n tenance crews are d i spatched  to l o c a te 
l eak s and repa i r  or rep l ace the se c t ion o f  p i pe i nv o l ve d . On c e  a 
leak i s  loc a te d , the  repa i r  crews uncover t h e  l ine and p l a c e  a 
spe c ia l ly d e s ig ned c l amp around the p i pe and ov e r  the l e ak to s top 
i t .  Af ter the f l ow is s topped , one of s e v e r a l  me thod s may be used 
to repa i r  the l i ne : i n  the case of  a v e ry sma l l  l e ak a f u l l en­
c i rc l emen t  s l e eve is we lded to the p i p e ; f o r  l arg e r  l e aks the  l in e  
i s  shut d own and d ra ined , t he d amag ed se c t i o n  i s  r emoved ,  a nd a new 
sec t ion we lded i n  pl ace . Al l new we l d s  are te s te d  a nd the p i pe i s  
c oa ted to pr ev e n t  corros lon . 

Ma ny d amag i ng p i pe l i n e  conta c t s  o c c u r  d ur i ng the d ig g i ng o f  
d i tches or p i t s , and t h e  g rad i ng o f  road s o r  l a nd by con s tr uc t ion 
equ i pme n t  ope r a te d  by non- i nd us try pe r so nne l . To help pro te c t  
p i pe l ines from e x ternal  source s  o f  d amag e , p i pe l i ne s  a r e  c l e ar l y  
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marked above g round wh e r e  they c ross road s , h ig hways , r a i l ro ad s ,  
prope r t y  l ine s , and r iver s . Mo s t  p i pe l i n e s  are rou ted wh e r e v e r  
pos s ib l e  a n d  pr ac t i c al s o  a s  t o  avoid cong e sted re s id en t i a l  and, 
i nd u s tr i a l  are a s . In these  area s , pipel ine s are p rov id ed e x tr a  
c ove r t o  av o id po ten t i al d amag e from cons t r uc t i o n  equ i pmen t .  The 
" one c a l l  no t i f i c a t ion sys tem"  i s  increa s i ng ly be ing u s ed to pr o­
tect  p i pe l i n e s  from new const ruc t ion d amag e ( se e  the Wa t e r  and La nd 
sect ion of th i s  chapter ) .  

6 .  O f fshore P i pe l i ne s  -- Sys tems and P roced ure s 

The use  o f  l o ng a nd l a rge s ubmar i ne p i pe l i n e s  a t  c on s i d e r a bl e 
d epths i s  commo n pr ac t i c e , a nd the o f f shore ope r a t i ng env i ro nme n t  
req u i r e s  i nnova t i ve u s e  o f  eng ineer i ng tech n i q ue s . 

The s i ze o f  o f f s hore p i pel ine s depends upon the i r  u s e , t h ro ug h­
p ut ,  a nd purpo se . Fl ow a nd control l i nes b e twe en prod uc ing we l l s  
and gather i ng l i n e s  requ i re p ipe s i ze f rom 2 t o  8 i nc h e s i n  d i a­
meter and are g e n e r a l l y  o f  re l a t iv e l y  s ho r t  l e ng th . Ga the r i ng 
l ine s ,  wh i c h  move the  o i l  to cen tral proce s s  and p ump i ng s ta t ions , 
are typ i c a l ly 4 t o  1 2  i nche s i n  d i ame ter and are u s ua l ly l e s s  than 
50  m i l e s  in  l e n g t h . Tran smi s s ion l ines  o f  2 0 - t o  4 8 - i nc h  d i ame ter s 
are w i d e l y  used and l e ng ths i n  e x c e s s  o f  5 0  m i l e s  a r e  r e l a t i v e l y  
commo n ,  w i th a few 2 0 0 -m i l e  s u b s e a  p i pe l i n e s  i n  s e rv i c e . Pi pe ­
l i ne s w i t h  capac i t i e s  o f  2 5 0  to 1 , 0 0 0  M B/D a r e  c u r re n t l y  i n  u s e . 
Th roughputs  a s  h ig h  a s  2 m i l l ion barr e l s  pe r d ay ( MMB/D ) a r e  pl an­
ned for the l a rg e r  ( 4 8 - i nch d i ame te r )  l i nes . 

Me thod s for j o i n i ng l en g t h s  of  p ipe are ma ny , b u t  w e l d i ng i s  
the mos t  pop ul ar and the l e a s t  l i ke ly t o  d e v e l op l e aks . Ot h e r  
me ans h ave been u s e d , howeve r ,  i nc l ud i ng thread e d  coupl i n g s , 
f l ang e s ,  a nd nume rous s pe c i a l  coupl ing s . 

Th e pr i n c ipal way to f a b r i c ate a p i pe l i n e  i s  to we l d  i t  to­
gether  j o i n t  b y  j o in t . Th i s  techn ique i s  the h e a r t o f  t h e  l ay 
barg e ope r a t i o n . The p i pe l i n e  i s  fabr i c ated by add i ng o n e  j o i n t  o f  
p i pe a t  a t ime and mov i ng the barge forward i n  even s te p s  to pass  
the  j o i n t  through a s e r i e s  o f  we ld ing and i n spe c t io n  s ta t io n s  a l ong 
the a s s emblyway un t i l  the  j o i n i ng proc e s s  i s  compl e te . The fo rward 
movem e n t  of  the b arge pa s s e s  t he j o i n t  through the r ad iog r aph i c  
inspec t io n , j o i n t  co a t i ng , and other s ta t ions a l o ng t h e  l a unchwa y  
a s  req u i red to comp l e te i ts i n te g ra t i o n  in to t h e  p i pe l i n e . Pr e­
coa t i ng of the p i pe for corro s ion pro tec t io n  i s  norma l , a nd i f  
we ight  c oa t i ng f o r  neg a t i v e  buoyancy i s  nec e s s ary , t h i s proc e s s  
i s  comple te d  we l l  i n  advance o f  t h e  l ay ing proce s s . 

In some area s , p i pe l i n e s are l a i d  und e r  the  s e a  bo t tom i n  
t rench e s  t o  pro te c t  t hem f rom c u r rents  and o t h e r  e x t e r na l  d amag e 
force s .  Spe c i a l l y  e q u ipped barg e s  are used to l ay t h e  l in e . Th e 
l ine mus t be l e akproo f ag a in s t  both i n te r na l  and e x t e r nal p r e s­
s ure s . The s tr uc t ural  s trength  mu s t  be s u f f i c i e n t  to r e s i s t  wav e 
and current f o rc e s , a nd the p i pe l ine i t se l f  m u s t  b e  abl e  to w i th­
s tand s tre s s e s  d ur i ng l a y i ng and s tre s s e s  d ue to i rreg u l ar i ty o f  
the par t i c u l ar s e a  bot tom . 
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Care m u s t  b e  tak e n  to preve n t  faul ty c o n s t r uc t io n  prac t i c e s  
that re s u l t  i n  d amag e to the p i pe i t se l f . Expe r i e nce i nd i c a te s  
tha t g i r th we l d  f a i l u r e  i s  not a s ig n i f i c a n t  probl em , a nd those 
fa i l ure s that  h ave occurred are in  s uch we l d s  that h ave u s u a l l y  
been mad e by e ar l ie r  techn ique s .  Af t e r  the p i pe h a s  b e e n  p u t  i n  
servic e , f a i l ure s c a n  re s u l t  i n  pol l u t ion i nc id e nt s . Perhaps th e 
mos t  c r i t i c al phase o f  the construc t io n  pro c e s s  i s  the  hand l ing o f  
pipe t o  avo id s tre s s e s  beyond i t s  m i n imum y i e ld s tr e n g t h . 

Two bas ic cons truc t ion sys tems are in  u s e  tod ay . The mo s t  com­
mon i nvolve s a s tru c t ur e ,  c ommonly c a l l ed a s t i ng e r , tha t s uppo r t s  
t h e  p i pe throughout par t o f  i t s  l eng th f rom the  l ay i ng b a r g e  or 
p l a t fo rm to the ocean bo t tom ( s ee F i g u r e  6 6 ) . Wi th proper c ar e , 
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F i g u re 66. Conventi onal  Lay Barge Construct ion Method w ith Straig ht St i nger  and  N o  Tens ion .  

t h i s  avo i d s  any impo s i t ion of  und ue s tre s s  o n  the p ipe . Because  o f  
d i f f i cu l t i e s i n  hand l i ng the se some t imes e no rmous s t i ng e r s , wh i c h  
are us ed t o  convey t h e  p i pe t o  t h e  ocean bot tom , t h e r e  i s  a l imi t 
to wa te r depth i n  wh i ch th i s  sys tem may b e  appl ied . A s e cond 
sys tem i s  u s e d  wh i c h  i s  l e s s  s ub j e c t  to the d e p t h  l im i ta t io n  ( see 
F i g ur e  6 7 ) . The p ipe , wh e n  h e l d  in  te ns i o n  b e twe e n  the b arg e and 
the ocean bot tom , w i l l  form a ca tenary c urve , wh i c h , i n  e f f ec t , 
conver ts i t  from a s t ruc tural member to a c a b l e  member . As l ong as 
t he ten s i on is ma i n ta ined as l ay i ng proceed s ,  the p i pe is smoo thly 
la id along the  ocean bo t tom on the d e s i red cours e . 

Whe n  long l i n e s  are we lded tog e ther j o i n t  b y  j o in t ,  the  p robl em 
o f  ma i n ta in ing tens ion i s  compl ica ted by adve rse we a t h e r  and un­
a n t i c ipa ted sh u td own s of the oper a t ion . To ove rcome th i s  problem , 
a p i pe ree l sys tem i s  some t imes used fo r sma l l - d iam e t e r  p i pe { up to 
1 2  i nc he s )  in wh ich p i pe j o in t s  are we lded tog e th e r  o n s hore a nd 
s ev e r al mi l e s  o f  l in e  are wo und onto a r e e l  moun ted on a barge o r  
s h i p . The b a r g e  c an then b e  moved i n to l o c a t ion for p i pe l ay ing , 
wh i ch c an be ac compl i shed in a few hour s . 

Th e mo st s t a b l e  wo rk i ng pl a t fo rm o f  a l l  i s  the  l and , a nd i t  i s  
p u t  to u s e  a s  a p i pe fabr i c a t ion base when s u i ta bl e . Fre q u e n t ly , a 
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Fig u re 67 . Ree l  Barge Construction Method Us ing  Tension to Keep P i pe Stress Acceptab le .  

s e ag o ing pl a t f o rm i s  requ i red and a v e s s e l  is emp l oyed for the pur­
pose . Co nve n t io n a l  f l a t-bo t tomed barg e s  are i n  c ommon u s e  a s  p i p e ­
l ay i ng ve s s e l s . Sh ips  a r e  some t imes conv e r ted t9 p i pe - l ay i ng ves­
s e l s , u s u a l ly a s  a ma t te r  of  e xped i ency i n  prov i d i ng an i n e xpen s iv e 
h ul l .  The sh i p f o rm ve s se l  h a s  a d e f i n i te mob i l i z a t i o n  cos t advan­
t ag e  beca u s e  i t  tows we l l . I n  recent  ye ar s , a s e m i s ubme r s i b l e  t yp e  
o f  p i pe - l ay i ng ve s s e l  h a s  been developed and i s  i n  c ommon u s e  fo r 
rough wea t h e r  e n v i ro nme nt s .  Barge s ,  s h ips , or s em i s ubme r s i b l e s a r e  
s e l e c ted d epe nd i ng upo n  an t i c ipated se a s ta te . 

Th e l a un c hway s e rve s to tran s f e r  the f a b r i c a te d  p i pe s t r ing 
from the a s s emb lyway i n to the se a .  I t  i s  an i n t eg ra l  par t o f  th e 
wo rk i ng pl a t fo rm ,  a l t hough i t  may be d e s i g ned to a s s ume d i f f e r e n t  
ang l e s  or con f ig ura t ion s . I t  may be a s tra i g h t  e x te n s i o n  o f  a 
h ig h- a ng l ed a s s emblyway , o r  i t  may be a curv i ng tran s f e r  sys tem 
c arry i ng the p i pe f r om a s h a l l ow a ng l e  on the  a s s emb lyway to a 
s te ep ang l e  a t  the l aun c h i ng po i n t . 

On e of  t he ma j or probl ems e ncountered i n  l ay i ng u nd erwa t e r  
p i pe l ines  conc e r n s  the  me ans  o f  s upport i ng the p i pe span f rom th e 
po i n t  a t  wh i c h  the p i pe c an sa f e l y  sag to bo t tom . A s t i ng er i s  
used except i n  ve ry s h a l l ow wa ter , to avo id e x c e s s i v e  b e nd i ng and 
pos s i b l e  buc k l i ng of a p i pe . The s t i n g e r  i s  un i que t o  the l ay 
barg e . I t  i s  a d e tachab l e  e x te n s ion o f  the  l a unchway , i n tend ed to 
s uppo r t  the p i pe l i ne d ur ing i t s  d es c e n t  from the barge  to the s e a  
floo r . I t  may be a t r us s f r amewo rk f i rmly a t t a c h ed to t h e  b arge o r  
a buoyan t p i pe l ad d e r  h i nged to the barg e . I t  may b e  s t r a ig h t , o r  
shaped for s ome p urpo s e , u s ua l ly to hold the ove rbend i n  the p i p e  
wi th i n  a n  al lowa b l e  s t r e s s  l im i t .  Ma ny s t i ng e r s  are  d e s i g ne d  to 
change the i r  con f i g u r a t ion by use o f  add i ng or s ub trac t i ng a i r f rom 
t he s t ing e r ' s  buoya ncy c hambe r s ; t h i s a l l ows the s t i ng e r  to chang e 
shape for var i ous wa t e r  d epth o r  l ay i ng cond i t ion s . 
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By apply i ng appropr i a te tens ion to the p i p e , the  s t i ng e r  may 
b e  sho r te ned , or eve n e l im i nated if the l aunc h i ng ang l e  c a n  b e  ad ­
j u s ted . Dur i ng the we ld i ng ope r a t ion on a l a y  barg e , the  p i pe i s  
g r i pped f i rm ly so t h a t  te ns ion may be appl ied t h roug h the  barg e 
pos i t ion i ng sys t em . When the barge move s fo rward to l a un c h  a j o in t  
o f  p i pe , howe ve r ,  t he p ipe l ine mu s t  b e  f e d  o u t  i n  c o n t i nuous ten­
s ion , and the tens ioner come s i n to pl ay . The t e n s ioner con ta i n s  
a f i x ed amoun t  o f  hold back o n  the runn i n g  p i pe un t i l  t h e  barge 
reache s i t s n ew pos i t io n , where the pos i t i ve s top is  re se t . 

Pi pe c an be s pooled i n to a r ad i us o f  c urvat ure i n  the y i e ld 
r ang e of  the s te e l  and the n can be s t ra ig h te ne d  through the  y i e ld 
po int  when un spool ed , w i t h  no appr e c i a b l e  change i n  d imen s i o na l 
c ha rac ter i s t i c s . La rg e-d iame ter ree l s  a r e  u s e d  to spool p i pe f o r  
th i s  p urpose a n d  o f f e r  a conven i e n t  w a y  to c ar r y  g r e a t  l en g t h s  o f  
prefabr i c a ted p i pe l i n e s  i n  a sma l l  area ( s ee F i g u r e  6 7 ) . S i z e s  
l arger than 1 2 - i n c h  d i ame ter have no t been ad apted to t h i s me t ho d ; 
6 -i nc h  d i ame ter and sma l l e r  are the mo s t  common s i ze s  o f  p i pe us i ng 
th i s  lay me thod . We i g h t  coa t ing w i t h  concr e t e  c anno t be u t i l i ze d  
w i th th i s  me thod , b u t  h e av i e r  wa l l  p ipe c an norma l ly prov i d e  the 
neces s a ry we i g h t  for n e g a t ive b uoyan cy . 

A s impl e me t hod to red uce the s tre s s  i n  a p ipe s t r i ng e x te nd i ng 
u n s uppo r ted be twe e n  the b arge and the se a f l oo r  i s  to a t ta c h  pon­
toon s ,  wh ich w i l l  re l i eve the s ubmerged we i g h t  o f  the p i p e l i n e . 
Po ntoons may a l so be used to red uc e the s ubme rg ed we ig h t  o f  a p i pe ­
l ine be i ng p ul l ed along the sea f l oo r , and conseque n t ly , to red uc e 
the pul l i ng force . 

C .  Tank C ar s  and Trucks 

l .  Tank C a rs 

Ra i l ro ad tank c ar s  c a r ry a sma l l er vol ume o f  o i l  and L PG than 
other mod e s  o f  pe t ro l e um transpor ta t io n , but a r e  n e v e r t h e l e s s 
impo rtant . They are used to tran spo r t  f i n i shed prod u c t s  to b u l k  
plants and cons ume r s , and t o  move dome s t i c c r ud e  o i l  f r om g a th e r ing 
a reas to re f i ner ie s , par t i cu l ar l y  i n  ar e a s  whe r e  p i pe l i n e s  are no t 
ava i labl e . Freque n t ly , d e pe nd ing upon the  l o c a t ion o f  mar ine 
f ac i l i t i e s  in  re l a t ions h i p  to b l end ing ope r a t ions , l ub r i c a t i ng o i l s  
are tran s ported i n  c a r s  to the f ac i l i t ie s  a nd t h e n  load ed i n to 
tanke r s . Th i s  me thod o f  t ranspo r t i ng l u b r i c an t s  e n s ur e s  the i r  
i n t eg r i ty s i nce c l i ng ag e  in  p i pe l ines  wo uld t e nd t o  contam i n a t e  
s ubseque n t  ba tche s o f  prod u c ts pa s s i ng throug h t h e  l in e s . He avy 
pe t role um prod uc t s ,  s uc h  as res i d ual f ue l s  and a s ph a l ts , are a l s o  
f reque n tl y  s h i pped by tank car . 

As of  June 1 5 ,  1 9 7 9 ,  there we re approx im a te ly 2 0 2 , 8 0 0  t ank 
cars , re pre sen t i ng a 3 . 6  b i l l ion g a l lon capac i ty ,  i n  th e u . s .  r a i l  
c ar f l e e t .  O f  t h a t  tota l , 1 0 7 , 5 5 2 t ank c ar s  ( 2 . 2 b i l l i o n  g a l lon 
c apac i t y )  wer e  con s i d e red to be s u i tabl e for c ar ry i ng c r ud e  o i l  and 
petroleum prod u c t s . The se s u i tab l e  cars re f l e c t  a 2 8  p e r c e n t  i n­
crease i n  capac i ty ,  b u t  a 2 4  perc e n t  d e c r e a s e  i n  a c t ua l  c a r  c o un t 
s i nce 1 9 6 7 ,  i nd i c a t i ng a trend of  repl ac i ng o l d e r , smal l e r  e q u i p­
men t  w i t h  larger  c a pac i ty c ar s . l O  
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Tank c a r  moveme n t  i s  re s tr i c ted to s e rv i c e  where t r a c ks a re 
ava i l abl e ,  ther eby l im i t ing i ts d e l iv e ry c apab i l i t ie s . In th i s  
reg ard , tank c a r s  are l e s s  f l e x i b l e  than t r u cks , b u t  mor e  f l e x i b l e  
t han e i th e r  p i pe l i n e s  o r  wa t e r  sh i pmen t s , b e c a u s e  tank c a r s  c an 
i n t e rchange t h ro ughout  the U . S .  ra i l road sys tem . 

Gove rnmen t  ag e n c i e s and indus try o rg a n i z a t io n s  r eg u l a te and 
r e v i e w  tank c a r  d e s i g n  and oper a t ions w i th re s pe c t  to e qu i pmen t 
d e s ig n ,  c omp l i a n c e  w i th local , s ta te , a nd fed e ra l  l aws , and com­
pa t ib i l i ty o f  tank c a r s  w i th other  cars in the tr a i n . For e x ampl e , 
DOT r eg u l a t io n  No . HM 1 4 4 -- Re trof i t  - - Ha z a rd o u s  Ma te r ia l s  Re g ­
u l a t ions for Pre s s ur e  Tank Cars requ i red t h e  r e t ro f i t t i ng o f  a p­
p rox imate ly 2 2 , 0 0 0  p r e s s ur e  tank cars . Th i s  pro c e s s  i n c l ud ed the 
ins u l a t io n  of the o u t e r  she l l  of tank cars to e n a b l e  them to w i t h­
s tand spe c i f ied  tempe r a ture e xpo sure t e s t s , and the add i t io n  o f  
head s h i e l d s  and spec i a l  coupl e r s  to preve n t  mo un t i ng o r  head 
pun c t ur e  by ad j ac e n t  c ar s . 

Ta nk c ar ope r a t ions  are al so a f f e c ted by the  r a i l road s t h a t  
move t h e  c a r s  and by the r e g u l a t ions impo sed upon them . For 
e xamp l e , b e c a u s e  of the poor cond i t io n  of c e r ta i n  track , s pe ed 
re s t r i c t ions h ave b e e n  impo sed on the ra i l road s by the  Fed er a l  
Ra il road Ad m i n i s t r a t i on , thereby d ecreas i ng t h e  e f f i c i e n c y  o f  tank 
cars mov i ng over them . 

The to t a l  n umbe r  o f  ra i l road sys tems i s  be i ng red uced a s  a 
r e s ul t o f  the me rg e rs o f  i nd iv i d ua l  l i n e s  and sys tems i n to s i ng l e  
l i ne s ( e . g . , Co nra i l ) . The opera t ional and adm i n i s tr a t ive f un c­
t ions o f  ra i l rods are b a s i c al ly mon i to red by the  Ame r i c an As so c i­
a t ion o f  Ra i l ro ad s , w i th c e r t a i n  con s tra i n t s  i mpo s e d  b y  var iou s 
g ov e r nmen t  ag enc i e s . 

Th e ra i l ro ad s , a s  common c a r r i er s , are r equ i r ed to s upply a l l  
type s o f  equ i pmen t  for s h i pper u s e  except tank c ar s . Ra i l road s own 
r e l a t iv e l y  few tank c a r s  ( 4 , 8 1 7  o f  the 2 0 2 , 8 0 0  c a r s  in s e rv i c e  i n  
1 9 7 9 ) ,  and those t h a t  t h e y  d o  own are used pr imar i ly i n  the i r  own 
serv i ce . l l  Sh i ppe r s  e i ther own the i r  own c a r s  o r  l ease the i r  
tank cars f rom t a n k  c a r  manu f a c t urers or l e a s i ng compan i e s . 

2 . Tank T r u cks 

Tank trucks are e x t reme ly f l e x i b l e  for pe trole um p rod uc t 
d el ive r ie s ,  a s  they t r av e l  both reg u l ar and i rreg u l ar rou t e s  and 
are no t a s  re s t r i c t ed i n  the i r  moveme n t s  a s  are r a i l  c ar s . Th i s  
f l ex i b i l i ty pe rm i t s trucks to make many sma l l  quan t i ty d e l i v e r ie s ; 
for e x ampl e , d e l iver i e s o f  horne hea t i ng o i l  f rom b u l k  p l an t s  to 
consumers and g a so l i n e  from term i na l s  and bulk p l an t s  to s e rv ice 
s ta t i ons . Trucks are a l so u sed i n  c r ud e  o i l  p rod uc i ng areas , to 
p ic k  up crude o il a t  the we l l he ad and d e l iver it  to g a th e r i ng 
po i n t s  for s h i pmen t  t h ro ug h  p i pe l ines to re f in e r ie s . Tr ucks are 
more e conom i c a l  f o r  sho r t  haul s and d e l iv e r i e s  of  sma l l  qua n t i t i e s  
whe n  compared t o  o the r mod e s  o f  transpor tat ion . 

I t  i s  e s t ima ted tha t , a s  o f  Decembe r 3 1 ,  1 9 7 8 ,  there were ove r  
5 0 , 0 0 0  t ank v e h i c l e s  i n  t h e  Un i ted S t a te s , e ac h  wi th a c apac i ty o f  
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ove r 3 , 5 0 0  g a l lons , and a to tal capac i ty o f  abo u t  3 6 4  m i l l ion g a l ­
l ons . Al thoug h the s e  tank v e h i c l e s  we re no t a l l  d e s i g ned pr imar i ly 
for pe t role um s e r v i c e , the1 could none t he l e s s  be u s ed to h a u l  
pe tro l e um i n  an eme rgency . 2 

Th e increased ope r a t ing e f f i c ie ncy o f  the  tank t ruck i nd u s try 
has re s ul ted in  a d ec re a s e  i n  the n umbe r  o f  v e h i c l e s  requ i red to be 
i n  se rv i ce . An impo r ta n t  fac tor in t h i s  g re a t e r  e f f i c i ency is the 
impleme n ta t io n  of 2 4 -hour load i ng and unload i ng at t e rm i na l s ,  wh ic h 
perm i t s  i n c reased u t i l i z a t ion o f  ind i v i d u a l  u n i t s . 

Of equal s ig n i f i c an c e  i s  the impa c t  o f  t he Fe d e ra l -A i d  H i ghway 
Ame ndme n t s  of 1 9 7 4 ,  wh i ch perm i t ted s ta te s to i nc r e a s e  veh i c l e  s i z e 
and l e s s e n  we ig h t  re s t r i c t ions . As a r e s u l t o f  t h i s  l eg i s l a t io n , 
g ro s s  loads have i nc re a s e d  from the pr e - 1 9 7 4  nom i n a l  l im i t  o f  
7 3 , 2 8 0  pound s t o  8 0 , 0 0 0 pound s i n  mo s t  s t a te s . 

D .  Wate rborne Transportat ion 

Mo re pe tro l e um is carr ied by wa ter than i s  any o th e r  c ommod i ty .  
Pe t role um c omme rce i n  the Un i te d  S ta t e s  i s  c a tegor i z e d  a s  e i th e r  
d ome s t i c  or f o re i g n  t r a f f i c . Dome s t i c  traf f i c  i s  c ompo sed mo s t l y  
of  barg e s  and l ake and coastal  tanker s ;  fore i g n  t ra f f i c i s  tha t 
b e twe e n  the Un i ted S t a te s and fore i g n  countr i e s  by means o f  o c e an­
go i ng ve s s e l s . Some o f  the por t s  that serv i c e  both f orms o f  tra f ­
f ic a r e  cong e s ted a n d  a s t r a i n  h a s  been pl aced o n  f ac i l i t i e s  d ue to 
the i ncreased d emand for pe t role um-based e ne r gy . 

The mo s t  s ig n i f i c a n t  d eve lopmen t  in  the e ar l y  1 9 7 0 ' s  was the 
construc t i on of Ve ry La rg e Crud e  Carr i e r s  ( VLCCs ) a nd Ul t r a  La rg e 
Cr ud e Carr ier s ( U LC Cs ) .  VLC Cs have capac i t i e s  l e s s  t h a n  3 2 0 , 0 0 0  
DWT ( 2 . 3 mi l l ion b arre l s ) ,  wh i l e  ULCCs have capac i t i e s  up to 
5 5 0 , 0 0 0  DWT ( 4  m i l l io n  barre l s ) .  S i nc e 1 9 7 1 ,  the wo r l d ' s  merchant 
f l e e t  and tanke r f l e e t  have increased s ub s tan t i a l l y , both i n  t e rms 
of  the n umbe r  of s h i p s  and the i r  average a nd to t a l  d e ad we i g h t  
capac i ty .  Ove r  the pa s t  s e v e r a l  ye ar s , howev e r , d emand f o r  tanker 
capac i ty has  d e c l i ned , and a s  a res ul t many of the se l arge tanker s 
a re now l a id up or are be i ng used f o r  storag e . Summary s t a t i s t i c s  
for the me rchan t and tanker f l e e t s  are shown i n  Tabl e 4 8 .  

Ex i s t ing u . s .  por t s  are l imi ted by con trol l i ng d e p th s , wh i ch 
r es tr i c t  the d e ad we i g h t  tonnag e o f  tanke r s  ope r a t i ng i n  d ome s t i c  
ocean trad e . Tabl e 4 9  i nd i c a te s  tha t mos t  u . s .  por t s  a r e  l im i ted 
to ve sse l s  und e r  5 0 , 0 0 0 DWT ,  wi th very few po r t s  abl e to a c c ommo­
d a te tanke r s  above 1 5 0 , 0 0 0  DW T .  The e x treme nor thern a nd s o uther n 
ports o f  the Pa c i f i c Co a s t  i n c l ud ing Al aska a r e  the o n l y  o n e s  w i th 
e nough depth to accommod a te l arge ve s s e l s  in  the  1 5 0 , 0 0 0  t o  2 5 0 , 0 0 0  
DWT r ang e . 

Because o f  the s e ve r e  ope r a t i ng r e s tra i n t s  po sed by cont ro l ­
l ing wa ter d e p t h s  a t  U . S .  po r t s , the 1 9 7 0 ' s  w i tne s se d  the g rowth 
and d eve lopme n t  of other mar ine l og i s t i c  sys t ems to p e rm i t  th e 
e conom i e s  o f  l arge s i ze c r ud e  o i l  car r ie r s  fo r mee t i ng e s c al a t i ng 
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TABLE 48 

Worl d  Merchant and T anker F leets - - 1 97 1  and 1 98 0 *  

Worl d  Mer chant Fleet 

Number of Ships 

Total Gros s Tonnage 

World Tanker Fleet 

Number of Ships 

Total Deadwe i ght Tons 

Average De adwe ight Tons 

1 9 7 1 

55 , 0 4 1  
247 , 2 0 2 , 634 

6 , 292  
169 , 35 4 , 743 

26 , 90 0  

1 980  

73 , 83 2  
4 1 9 , 9 1 0 , 65 1  

7 , 1 1 2  
3 3 9 , 80 1 , 7 1 9  

4 7 , 80 0  

* S our ce o f  data : " Statistical Tab le s , "  L loyd ' s Re gister 

o f  S hipping , 1 9 7 1  a nd 1 980 . 

d ome s t ic impo r t  requ i r emen t s .  The s e  d eve lopme n t s  i n  t h e  u.s. c r ud e  
o i l  d e l i v e ry sys tem i n c l u d ed the fo l low i ng : 

Tran s s h ipme n t  Te rmi n a l s .  There are c urren t ly f iv e  m a j o r  o i l  
trans s h i pment t e rm in al s 1 n  the Car ibbean area hav ing a t o t a l  
thro ughp u t  capac i ty i n  e x ce s s  o f  3 MMB/D . Re f l e c t ing the t r e nd o f  
d rama t i c al ly i nc r e a s i ng tanke r s i ze d u r ing the l a s t  d e c ad e , t h e s e  
t e rm i n a l s  we r e  d e s igned t o  acc ommod a te ve s se l s  up t o  5 0 0 , 0 0 0  DWT . 
Af t e r  c rud e o i l  i s  d e l ive red to the s torage fac i l i t i e s  a t  the  
t e rm i na l , s h u t t l e  v e s s e l s  are load ed to the max imum d ra f t  permi t t ed 
by the r e c e i v ing U . S .  r e f i nery . Th e Ca r i bb e a n  t e rm in a l s prov i d e  
t h e  economi c s  o f  t a n k e r  s i ze to t h e  u.s .  cons ume r . I n  con t r a s t  t o  
t h e  trans s h i pme n t  concept , ma j o r o i l  consum i ng n a t ions i n  E u rope 
and the Far Ea s t  h ave e n j oyed for many ye a r s  the  e co nom i c  bene f i t s  
o f  d i rec t d e l iv e r i e s  o f  l arge s i ze c rud e c arr i e r s  d u e  to the early 
d eve lopme n t  o f  the i r  d e ep wa te r  port s .  

Ve s s e l  L i gh te r i ng . Ve s s e l  l ighter i ng i s  the s h i p- t o - s h i p  
t r a n s f e r  o f  c rud e o i l  f r om a large tanke r d i re c t l y  i n to sma l l e r  
ve s s e l s  who s e  d ra f t  w i l l  p e rmi t tran s i t  t o  s h a l l ower wa t e r  coa s ta l  
fac i l i t i e s . Th e l ig h t e r ing ope ra tion i s  a n  a l t e r n a t i v e  to the 
trans s h i pmen t  te rmin a l  d i s cus sed abov e . In  some c a se s , s uch a s  on 
the De l awar e  Bay , i n te rmed i a te s i zed vesse l s  a r e  pa r t i a l ly o f f ­
loaded b y  l igh te r i ng be fore proceed ing to t h e  r e c e i v i n g  por t .  I n  
o ther loca t ions , s uc h  a s  i n  the u . s .  Gu l f  and i n  Pa nama , l ig h t e r i ng 
ope r a t ions are used to f ul ly o f f-load VLC C s  and U LC Cs i n to ve s s e l s  
who se d r a f t  wi l l  pe rm i t  pas sag e to coast r e f i ne ry po r t s  o r  throug h 
the Pan ama Cana l . 

u.s. Deepwa t e r  Por t s . The indus t ry f o r  many ye a r s  h a s  r e ­
c og n i zed t h e  need for t h e  cons t r u c t ion o f  d e e pwa te r  po r t s  i n  the 
Un i ted S t a te s , and several  pro j e c t s  have b e e n  p ropo sed d ur i ng t h e  
past  ten  ye ars . The Lou i s i ana Of fsho re Oi l Po r t  ( LOO P ) ,  wh i c h  i s  
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TABLE 49 

Contr o l ling Depth and Maximum Permi s s ib le 

S i ze Vessels for u . s .  P orts 

P ort or H arbor Area 

East Coast 

Delaware River Ports 

H ampton Roads , VA 

New York , NY 

Portland , ME 
Baltimor e ,  MD 
Boston, MA 

Gul f Coast 

New Orleans , LA 

Tampa , FL 

Baton Rouge , LA 

Mobile , AL 
Corpus Chri sti , TX 

Hou sto n ,  TX 

Brownsville , TX 

Pas c agoula , MI 

Pacific Coast 

Long Beach , CA 

Lo s Ange les , CA 

San Franci sco Bay Ports 

Puget Sound , WA 

Controlling 

Depth 

( F eet ) 

4 0  

4 5  

3 5  

4 5  

42 

40 

4 0  

3 4  

4 0  

4 0  

4 5  

4 0  

3 6  

3 8  

5 2  

5 1  

3 5  

7 3  

E s t imated Max imum 

Permi s s ible Vessel 

S i ze When Ful ly 

Loaded ( DWT ) 

5 3 , 0 0 0  

3 0 , 0 0 0  

4 0 , 0 0 0 

3 0 , 0 0 0  

5 3 , 0 0 0  

4 0 , 0 0 0  

5 0 , 0 0 0  

3 5 , 0 0 0  

5 0 , 0 0 0 

4 5 , 0 0 0  

5 0 , 0 0 0  

5 0 , 0 0 0  

3 0 , 0 0 0  

3 5 , 0 0 0  

1 5 0 , 0 0 0  

1 5 0 , 0 0 0  

4 0 , 0 0 0  

2 5 0 , 0 0 0  

SOURCE : u. s .  Department of Commerce , Mar itime Admi ni stration Tanker 

Construct ion Progr am , US- 1 2 4 ,  Shipping Data , W aterborne , Final E I S , 

AN 73- 0 7 2 5- F , 1 9 7 3 . 

par t i a l l y  opera t io n a l  and sched u l ed for comp l e t ion i n  1 9 8 2 ,  i s  th e 
f ir s t  proj e c t  to a c t ua l ly o b t a i n  the n e c e s s a ry p e rm i t s and ope r a t­
i ng l icenses to proc eed . LOO P has a d e s ig n  capac i ty o f  r ec e i v in g  
1 . 4  MMB/D o f  c rud e o i l , a nd w i l l  hand l e  the equ i v a l e n t  u n load ing o f  
some 3 3 0  VLC Cs p e r  ye ar d ur i ng i t s  f i r s t  ye a r  o f  f u l l  opera t ion . 
The d i scharge fa c i l i t i e s  cons i s t  of  three s i ng le po i n t  moo r i ng 
buoys , wh ich are  l o c a ted i n  1 1 0 fee t o f  wa t e r  a t  a po in t 1 9  m i l e s  
o f f shore . Ve s s e l s  o f  u p  to 7 0 0 , 0 0 0 DWT c an b e  s a f e l y  a c c ommod a ted . 
LOOP and i t s  a s soc i a ted p i pel ine system ( LOCA P ) are  p ro j e c te d  to 
d i spl ace appro x im a t e l y  8 5  p e rc e n t  o f  the c r ud e  o i l  movemen ts pre­
sently be i ng transpo r ted on the l owe r Mi s s i s s i pp i  River in sma l l  
tanker s .  
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1 .  I n l an d  Wate rways 

In the pa s t  4 0  years , tonnag e sh i pped on the n a t i o n ' s  i nl and 
wa terway s ( pr imar i l y  r ivers and harbor s )  ha s mor e  than t r i pl ed and 
t he ave r ag e  l eng t h  o f  h a u l  has increased f r om 5 0  to 3 75 m i l e s . 
Rap id technolog i c a l  d eve lopme n t  has l ed to va s t  improveme n t s  i n  
p roduc t i v i ty . De v e l opmen t  o f  the med i um spe ed d i e se l  eng i n e , the  
Kor t  noz z l e , the t un n e l  h ul l , the  s w i ng i nd i c a to r , r ad a r , a nd t e l e­
c ommun i c a t ions h a s  e n ab l ed ope r a tors to i n c re a se max imum tow s i ze 
f rom 5 , 0 0 0  t o  3 0 , 0 0 0  ton s . Mar ine opera t i ng sys tems are , howeve r , 
prese n tl y  r each i ng the phy s i c al l im i ta t i o n s  o f  the i n l and wa te rways 
sys tem . Pa s t  i nc r e a s e s  i n  prod uc t i v i ty have g iven way to a more 
mod e s t  pace of improveme n t  i n  hardwa re and ope r a t i o n s  in r e c e n t  
ye ars . Evo l u t i onary r e f i neme n ts have repl aced rev o l u t i o nary 
change s a s  technology advance s . 

The i n l and wa te rways ind us try con s i s t s  o f  some 1 , 8 0 0  tow i ng 
c ompan i e s  ope r a t ing on more than 2 5 , 0 0 0 mi l e s  o f  i n l an d  wa te rways 
wh ich s e rv e  8 7  p e rc e n t  o f  the maj o r  c i t ie s  in t h e  n a t i o n . The 
i nl and f l e e t  amoun t s  to over 4 , 3 0 0 t owbo a t s  and t ug s  wi th a c om­
b in ed horsepo we r  equ i v a l e n t  of 6 . 1  m i l l io n . Tank b a rg e s  n umbe r  
3 , 9 7 1  w i th a to tal capa c i ty o f  7 1 . 3  m i l l io n  b a r re l s . No t a l l  o f  
the 1 , 8 0 0  towing compan i e s  c arry pe t role um , and some c ar r y  many 
d i f fe rent commod i t i e s  in ad d i t io n  to pe t ro l e um . l 3  

A g row ing p e r c en tag e  o f  pe tro l e um p rod uc ts i s  moved by b a r g e , 
b u t  o f  i nc r e a s i ng impo r tance i s  the new i n te g r a ted t ug b a r g e  co n ­
c ep t  ( F ig ure 6 8 ) . The s e  un i ts wi l l  be u s e d  to s uppl em e n t  ocean 
tanke r s  i n  coa s ta l  s e r v ic e . 

Th e 2 5 , 0 0 0  m i l e s  o f  i n l and wate rways t h a t  con s t i t u te the  i nl a nd 
wa te rways sys tem o f  the Un i ted States  i nc l ud e  n av ig ab l e  r iv e r s , 
in tracoa s t a l  wa te rways , c an a l s , channe l s , and o t h e r  wa te rways 
( F ig ure 6 9 ) . In ord e r  to be cons id ered n av i g ab l e ,  a wa te rway mus t 
perm i t  the  moveme n t  o f  a s u f f i c ient  quan t i ty o f  p rod u c t s  to b e  com­
merc i al ly e conom i c . Wa te r depth , t he wid t h  of the wa te rway , a nd 
the n a v i g ab i l i t y  o f  i t s  bends , locks , and channe l s  are i mpor tan t . 
Ne arly 2 5  p e rc e n t  of  the total i n l and wa te rways sys tem i s  l e s s  than 
s ix f e e t deep and a l mo s t 8 0  percent is l e s s  than 1 4  f e e t d e e p . 

Th ere are many con s tra i n t s  that a f f e c t  i n l and barge t r an s po r­
t a t io n . We ather i s  the b ig g e s t f a c to r  and a f fe c t s the  n av ig a t ional 
seasons t h rough i c i ng o r  f l ood i ng . Low wa t e r  res u l t ing f rom lack 
of  r a i n fa l l  al so po s e s  a real  threat to nav ig a t io n . Movemen t  o f  
c ommod i t i e s  b y  barge i s  a l so l imi ted by term i na l s  and ma t e r i a l  
h and l i ng equ ipme n t ,  a s  we l l  a s  n av ig a t io n  a id s . Improv i ng the se 
areas wo uld compl eme n t  the ad vanced technology of t ug ope r a t ion s 
and contr i b u te to improved prod u c tiv i ty a nd s a f e ty o n  the i n l and 
wa te rways . 

2 .  Mar i t ime Carr i e r s  

Coa s t a l  tanke r s  and t ug b a r g e s  are e s pe c i a l ly impo r ta n t  i n  the  
t ranspo r ta t ion o f  pe t ro l e um a l ong the  u . s .  c o a s t  ( F i g u r e s  7 0  a nd 
7 1 ) . Tanke r s  o f  be t we e n  1 7 , 0 0 0  and 5 0 , 0 0 0  DWT are mo s t  p rom i n en t 
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i n  the carr iag e o f  pe tro l e um prod u c t s , o f  wh i c h  g a so l i n e  i s  the 
l arge s t  quan t i ty .  Crud e  o i l  movements  f rom Al a s ka to the we s t  
coast and to the Gu l f  and e a s t  coas ts v i a the Panama Ca n a l  have 
re ached s ubstan t i a l  l eve l s  i n  the pa s t  s e ve r a l  ye ars u t i l i z i ng 
var ious s i z e s  of tanke r s , i nc l ud i ng VLC Cs . Mo s t  of the c o a s t a l  
tanke r s  ave r ag e  1 6 . 5 knot s .  Tanker s  and barge s o f  a sma l l e r  s i z e  
( up to 3 5 , 0 0 0 DWT )  c an genera l ly b e  load ed o r  u n l oad ed i n  2 4  hours 
und er ideal  cond i t ions , wh i l e the l arge tanker s  r e q u i re be t we e n  2 4  
and 3 6  hour s . 

In recent ye ars , o c ean b arg i ng has become an impo r t a n t  f a c tor 
in pe trole um transpor ta t ion , and g re a te r  use  is  l i k e l y  i n  the 
f uture . The se l a rg e  ve s s e l s  ( o f up to 4 5 , 0 0 0 DWT )  are e i th e r  
pushed or p ul l ed b y  oceango ing t ug s . The sma l l e r  oce ango i ng barg e s  
a r e  c ommo nly u s e d  t o  s upply f ue l s  f rom r e f i n e r i e s  to nearby urban 
centers or tran s s h i pme n t  term i n a l  po i nt s . The l ar g e r  o n e s  ope r a t e  
much a s  s e l f-prope l led coas tal tanke r s  d o . 

De sp i te i t s  s i z e and carg o , t he oc e ang o i ng tanke r i s  b as i c a l ly 
a l a rg e , s t rong me t a l  tank tha t i s  s ubd iv i d ed i n to smal l e r  tank 
compar tm e n t s  and is narrow in the bow and s t e r n . Th e powe r un i t  
and con t rol sys t em are loca ted i n  the s te r n . O f  ma j o r concern i n  
the d e s ig n  of t he oceang o i ng tanke r are : the s e rv i c e  requ i r emen ts 
tha t d e t e rmine whe t h e r  a s h ip w i l l  be a l arge one b u i l t  to t r an s­
por t  crud e o i l  be twe e n  a l im i ted numbe r of po r t s , o r  a sma l l e r , 
spec i a l i zed ve s s e l  bu i l t  to move re f i ned p rod u c t s  s hor t e r  d i s­
tance s ; l im i t i ng d im e n s ions , i nc l ud ing d ra f t , b eam , a nd l e ng th ,  
wh ich comb ine to d i c ta te the amo unt o f  d e ad we i g h t  t h a t  c an b e  
l i f ted by the h ul l ;  a nd spe ed , wh i ch i s  l ar g e l y  d epend e n t  upon the 
power ava i l able  and the shape o f  the h ul l . The annual c a rg o­
carry i ng capac i ty o f  a tanke r i s  i n c re a se d  as a f u n c t ion o f  i ts 
speed s i nce tr i p  t ime i s  red uced . 

Sched uled ma i n tenance i s  a ma j or par t o f  t h e  ope ra t i ng co s t s  of  
a tanke r . Dryd ock i ng f o r  ex tens ive ma i n te na n c e  ac t i v i ty typ i c al ly 
occurs on a b i annual ba s i s . 

I I .  The Gas Transm i s s ion Sys tem 

The vas t ma j or i ty o f  d ome s t i c  gas is p rod uced in the s o u t h ­
we stern s t a te s  a n d  of f t h e  coas t s  o f  Lo u i s i ana a n d  Te x a s  i n  the 
Gu l f  o f  Me x ico . Wh i l e  these s ta t e s  cons ume s ig n i f i c ant quant i t ie s  
o f  natur a l  gas , o th e r  ma j o r areas o f  con s ump t i o n  i n c l ud e  the no rth 
central , nor thea s tern , m i d we s tern , and m idd l e  Atl an t i c  s ta te s , and 
Cal i fo rn i a . Th e n a t ur al gas transpo r ta t io n  i n d u s t ry s uppl ie s a 
l ink be twe e n  the  g a s  prod uc i ng and gas con s um i ng reg ion s o f  the  
coun try . Th rough an i n tr i c a te ne two rk of  p i pe l in e s , the  i nd u s try 
prov ide s gas to cons ume r s  in nearly eve ry area of the c on t ig uo u s  
Un i ted S t a te s .  

Ga s p i pe l i n e  compan i e s  u s u a l ly own a ma j or por t io n  o f  t h e  g a s  
mov i ng through the i r  respe c t ive sys tems ; t he y  a l so transpo rt 
s ign i f i c an t  vol ume s o f  g a s  owned e i th e r  by the i r  c u s tome r s  o r  by 
o ther p i pe l ine compan i e s .  
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Na tural g a s  i s  no rmal ly pur c ha sed by g a s  p ipe l i n e  c ompan i e s  
f rom prod uc t io n  compan i e s  i n  t h e  gas f i e ld s .  The s e  g a s  p i p e l i n e  
c ompa n i e s  transpo r t  t h e  g a s  to the marke t a r e a  wh e r e  i t  i s  s o l d  t o  
d i s t r i b u t ion compan i e s , wh i c h  make d e l ive r i e s  t o  the  e nd u s e  co n­
s ume r . The compo n e n t s  o f  a typ i c al g a s  sys tem f rom we l l he ad to 
cons umer are shown in F ig ur e  7 2 . 

As e x i s t i ng g a s  re s e rve s are con s ta n t l y  be i ng d e p l e ted a nd new 
g as reserves  d i scovered and d eve loped , t he g a t he r ing segme n t  of  a 
p i pe l in e  mu s t  e xpand to con n e c t  new s upply are a s  to the p ip e l ine . 
In  general , n ew g a s d i s c overy areas have become i n c r e a s i n g ly r emote 
and i n  recent ye a r s  h ave i n c l uded the Rocky Mo u n t a i n  reg ion as we l l  
a s  o f f shore l oc a t i on s  i n  the Gu l f  o f  Me x i co . 

Ga the r i ng p ipe l i n e s  f unnel  i n to the ma i n  l i n e  transm i s s i o n  po r­
t ion of the s y s t em . I t  i s  the ma in l i ne s egmen t , o f te n  con s i s t in g  
o f  par a l l e l  l i n e s  wi th c ompr e s so r  s t a t i on s  e ve ry 4 0  t o  1 3 0 m i l e s , 
that spans the  d i s tance b e t ween the gas f i e ld and t h e  marke t a re a . 
In con trast  to the we b of  g a ther ing l i nes , the ma in l i ne fo l l ows a 
re l a t i ve ly s tra igh t c ros s-coun try course . 

On ce a t  the marke t are a , g a s i s  s o l d  and d e l i v ered to var i o u s  
d i s t r i b u t io n  compan i e s , l o c a l  u t i l i t ie s , a n d  i n  some i n s tance s , 
d irec t l y  to ind u s t r i a l  cus tome rs . Of ten the d e l i v e ry po i n t s  are 
located d i re c t l y  on the ma i n  l in e . I t  i s  a l so c ommon f o r  d e l i ve r­
ies to be mad e through a l a te ral l ine that branches  out f rom the 
ma i n  l i ne to l i nk up w i t h  the  buye r ' s  d i s tr i b u t ion sys tem . 

A .  Gas P i pe l i n e s  

Ga s i s  f r eque n tl y  so l d  and e x chang ed from o n e  p ipe l i n e  company 
to ano ther through i n te rconne c t ions in  the i r  p i p e l ine s y s tems . As 
a res ul t of the many i n te r conne c t ions that  have b e e n  e s tabl i shed , a 
comp l e x  p i pe l i ne g r id e x tends across the n a t io n  ( F i g ur e  7 3 ) .  Th i s  
g r id g ives  the ind u s t ry c on s id erable f l e x ib i l i ty to re spo nd to 
chang e s  in s upply loca t ions or d emand pa t te rn s . Separ a te p i p e l ine 
compa n i e s  trad i t ional l y  i n terac t wi th one ano t h e r  thro u g h  the se 
interconne c t ions t o  ma i n t a i n  gas flow d u r i ng s hor t - t e rm s y s tem 
o utag e s  ( e . g . ,  ma i n te n ance ) .  Th i s  vol u n ta ry i n te r a c t i o n  be twe e n  
ind i v i d ual c ompan i e s  prov id e s  the  Un i te d  S t a te s  w i t h  t h e  f l e x i ­
b il i ty o f  a n a t ional p i pe l ine g r id wh i l e  pre s e rv i ng the serv i c e  and 
respon s ib i l i ty of i nd e pend e n t  p i pe l ine compan i e s . 

Ga s p i pe l ine compan ie s mu s t  a l so be prepared to mee t e x treme s , 
o r  " peaks , "  i n  d emand . Ga s f l ow o n  a pe ak d ay may b e  q u i te d i f­
ferent f rom t h a t  on a no rma l ope r a t i ng d ay . Pea k  d a y  d emand s ar e 
me t no t only f rom p ip e l i n e  supply , b u t  a l so from und e rg round s to r ­
age , LN G and s yn the t i c n a t ural  gas f ac i l i t ie s , g a s  d iv e r ted f ro m  
c u s tome r s  wi th nonc r i t i c a l  need s ,  and other s uppl emen t a l  s uppl i e s .  
Pipe l ine sys tems mu s t  b e  d e s igned to hand l e the s e  o th e r  inputs , 
w i th the re s ul t  tha t the r e  i s  spare capac i ty i n  po r t ions o f  the 
pipe l ine sys t em . I t  i s  t h i s  d e s ign that  g i ve s f l e x i b i l i ty to t h e  
total pipe l i n e  ne two rk i n  t h e  Un i ted S t a te s . 
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P i pe l i n e  construc t i o n  and ope r a t ion are r eg u l a te d  by s ev eral  
gove r nme n t  ag e nc ie s . Pe rm i t s  mus t  be acqu i re d  pr i o r  to t h e  co n­
s truc t ion of f ac i l i t i e s , a nd pe r t i ne n t  ope r a t ional  parame t e r s  
( e . g . , no i se and emi s s io n  o f  a i r  and wa ter pol l u tant s )  mu s t  b e  
mon i to red and ma i n t a i ned a t  acceptab l e  l e ve l s . Th e se requ i reme n t s 
have res u l ted i n  an i ncrease i n  the t ime requ i red to p l an and 
i n s ta l l new f a c i l i t i e s . 

The Na tur al Ga s P i pe l i ne Sa fe ty Ac t of  1 9 6 8  ( mod i f i e d  by the 
Pipe l ine Sa fe ty Ac t of 1 9 7 9 ) con t ro l s  n a t u r a l  gas p i pe l i ne s .  Th e 
DOT i n d us t ry s a f e ty g u id e l i n e s  r e g u l a te every a s pe c t  o f  p i pe l ine 
con s tr uc t io n  and ope r a t ion . 

MARKE TING1 4  

Pe tro l e um marke t i ng i n  the Un i ted S t a t e s  i s  a v e ry l ar g e  and 
compl ex opera t ion . I t  i nvolve s the  d e l i ve ry o f  abo u t  1 7  MM B/D o f  a 
w id e  r ang e o f  pe t ro l e um and g a s  produc ts from re f i n e r i e s  and s to r­
age po i n t s  to cons ume r s  a c ro s s  the l and . The se prod u c t s  i n c l ud e  
motor and av i a t ion g a so l i ne ,  j e t f ue l s , ke ros i n e , d ie se l  f ue l , f ue l  
o i l s , LPG , pe trol e um c oke , l ub r i cants , g r e a se s , waxe s , a nd asphal t .  

Pe t role um ma rke t i ng a l so has some rather un i que c h arac t e r i s­
t ic s . Oi l prod u c t s  are almo s t  cons tan tly on the move . In i t i a l ly , 
the c r ud e  o i l  move s f rom prod uc i ng f i e ld s  s c a t te r ed a l l  over the 
g lobe to re f i ne r ie s .  From re f i ne r i e s , o i l prod uc ts move n e x t to 
d i s tr ibut ion and s torag e  po i n t s , and then q u i ck l y  to con s ume r s . 
Th i s  f l ow c annot be i n t e rrupted for any g re a t  l eng th o f  t ime i f  
cons umers are to be s e rv ed e f fe c t ively . 

Each o f  the  many h u nd red s o f  pe trole um p rod u c t s  h a s  i t s  o wn 
f low patte r n  f rom re f i nery to con s ume r . The me thod s fo r marke t i ng 
the wide var i e ty o f  pe trole um prod ucts  are almo s t  a s  var i ed a s  t h e  
prod ucts  themse l ve s .  Some prod uc ts ,  s u c h  a s  motor o i l s  and g rease , 
are pa ckag ed i n  d rums and sma l l e r  con ta i n e r s , wh i c h  a r e  the n s h i p­
ped i n  tr ucks and boxcars to cons ume r s  or i n t e rmed i a te s torage f a­
c il i t i e s . Othe r prod uc t s , s uc h  as i nd u s tr i a l  o i l s , a r e  some t ime s 
s h i pped i n  b u l k  or i n  v e ry l arge conta i n e r s  a s  we l l  a s  i n  d r ums . 
Th i s  s e c t i o n  br i e f l y  d e s c r ib e s  the d i s tr ib u t i o n  o f  g a so l i n e  and 
f ue l  o i l s , the i n d u s t r y ' s  pr inc ipal  prod uc t s , to prov i d e  an 
und e r s tand i ng of the bas i c  pe trol e um ma rke t i ng c h a n n e l s .  

I .  D i s t r i bu t i o n  Channe l s  

Mov i ng pe tro l e um prod uc ts from the re f i n ery t o  r e se l l e r s  and 
cons ume r s  mo s t  frequen t l y  i nvolves the use of i n t e rmed i a te s torag e  
f ac il i t i e s ,  known as t e rm i n a l s  and bu l k  pl an ts . In th i s  coun try , 
approx ima te ly 2 5 , 0 0 0  t e rm i n a l s  and bulk p l a n t s  per f o rm t h i s  e s ­
sen t i a l f u n c t ion . 

The movem e n t  o f  prod uc t s  from the term i na l  o r  b u l k  p l a n t  i s  
hand l ed by re f i ne r-marke t e r s  o r  d i s tr i butors . A re f i ne r-ma rke te r 
gener a l ly se l l s  h i s  prod u c t s  unde r  h i s  brand name to d i s tr i b u tors , 
f u e l  o i l  d e a l er s , s e rv i c e  s t a t ion d e a l e r s , and cons umer s . He may 
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a l so se l l  unbrand ed prod uc t s  to d i s t r ibu to r s , f ue l  o i l  d e a l e r s , a nd 
s e rv ice s ta t ion d e a l er s , who then marke t  the p rod u c t s  u nd e r  the i r  
own brand name s .  A g rowi ng amoun t o f  brand ed a nd unbrand ed prod uc t 
i s  sold to conven i ence s tore owners and o t h e r  re ta i l er s . 

A .  P e t ro l e um Term i n a l s  

Pe t role um t e rm i n a l s  a r e  large d i s tr i b u t ion c e n ters whe r e  p e ­
t ro l e um prod u c t s  a r e  r e c e ived by p i pe l i n e , ma r i ne tanke r ,  b a rg e , 
or ra i l  car . S torage f ac i l i t i e s  a t  term i na l s vary con s id e r ab ly , 
d epe nd i ng upo n  how t he y  r e c e ive the i r  prod u c ts , t he ma rke t a r e a  to 
be served , and the  n umbe r o f  d ays that s torage i s  n e e d ed for the  
are a . Te rm i nal s store and red i s tr i b u te prod u c t s to pe t ro l e um b u l k  I 
plan t s , whol e s a l e  d i s tr i b u tor s , f ue l  o i l  d e a l e r s , s e rv i ce s ta t ions , 
o ther r e ta i l er s , a nd large consumer accoun t s . 

Sh i pmen t s  ou t o f  t e rm i na l s  are mos tly by t r ocks o r  r a i l road 
tank cars . Ve ry l arge cons umer s ,  s uch a s  a i r por t s , may be s e rve d 
d i r e c t l y  by p i pe l i ne f r om a term i n a l  o r  re f i n e ry . 

B .  B u l k  P l an t s  

Bulk pl an t s  are sma l l e r  than mar i ne o r  p i pe l i n e  t e rm i n a l s  and 
they rece ive s h i pmen t s  of pe t role um prod u c t s  by t r u ck , e i t h e r  f rom 
r e f i ne r i e s  or term i na l s .  Th e s e  prod u c t s  are then red i s t r i b u te d  by 
tank tr ucks to l arg e cons umer s ,  homeowner s , f arms , a nd s e rv i ce 
s ta t ions . Bu l k  pl ant ope r a to rs who b uy pe tro l e um p rod u c t s  o u t r ig h t  
from a re f i n e r  o r  terminal  are per form i ng a whole sa l e  f unc t ion and 
are r e f e r red to as d i s t r i bu tors , or " j obbe r s . '' Ano t h e r  type o f  
b u l k  p l an t ope r a tor who per forms a whol e sa l e  f unc t ion f o r  o i l  
s uppl y i ng compan ie s  i s  known as a " s a l ary ag e n t "  or " comm i s s i o n  
age n t , "  depend ing upon whe ther h e  rece ive s a s a l ary o r  c omm i s s io n  
f rom the o i l  suppl i e r . 

I I .  Marke t i ng o f  Pe t ro l e um Prod u c t s  

A .  F u e l  O i l  D i s t r ib u t ion 

The dema nd f o r  f u e l  o i l s , part ic u l a rly home he a t i ng o i l , i s  
seasonal  i n  c o l d e r  areas of  the coun t r y .  As a r e s u l t , ready ava i l ­
ab i l i ty d u r i ng h ig h  d emand per iods req u i res the f u e l o i l  s uppl i e rs 
to b u i l d up s torage quant i t i e s  i n  summe r to e ns ur e  ad eq uate  s up­
pl i e s in w i n t e r  wh e n  demand i s  greates t .  I t  i s  a l s o  a t  s uc h  t i me s 
that  f ue l  o i l s are r eq u i r e d  to sat i s fy the  need o f  i nd u s t r i e s  whos e 
s upply o f  o t h e r  f ue l s  has b e e n  i n te rrupted . I n  add i t ion to home 
he a t i ng , large q ua n t i t i e s of f ue l  o i l  are a l s o u s e d  by i nd u s t r i e s  
s uch a s  pr imary me tal s , chem i c a l s , u t i l i t i e s , a nd t ex t i l e s . 

B .  Gaso l i ne Re ta i l  D i s t r ibut ion 

Th e r e  we re abou t 1 5 8 , 0 0 0 pr imary s e r v i c e  s t a t i o n s  i n  the Un i ted 
Sta tes  i n  1 9 8 0 .  I n  add i t io n , there are ove r 1 0 0 , 0 0 0  s e cond ary 
g aso l ine o u t l e t s . The pr ima ry serv i c e  s ta t i o n s  a r e d e f i ned a s  
those locat ions whe r e  a t  l e as t 5 0  perc e n t  o f  t h e  b u s i n e s s  i s  a c ­
c ounted fo r through the s a l e  o f  pe trol e um prod uc ts . Th e se cond ary 
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outle t s  are s uch f ac i l i t i e s  as park i ng g arage s ;  a u tomob i l e  d e a l e r­
sh ips ; conv e n i e n c e , d ep a r tme n t ,  and d i scount s to re s ; a nd repa i r  
garages whe r e  g a so l i ne i s  sold b u t  doe s no t acco unt f o r  a s  much a s  
one-hal f of  the ope ra to r ' s  s a l e s . In a l l ,  t h e r e  a r e  abou t 2 6 0 , 0 0 0  
o u t l e t s  f rom wh i c h  g a so l ine can be s uppl ied to t h e  ve h i c l e s  i n  t h i s 
coun try . 

Ov er 9 0  p e r c e n t o f  a l l  g a so l i ne s e rv i c e  s ta t io n s  a r e  ope r a te d  
b y  i nd epe nd en t ,  se l f-employed local  bus i n e s s  peopl e . The rema in i n g  
serv i c e  s t a t ion s , l e s s  t han 1 0  percent o f  the to ta l , a re " company 
ope rated"  by re f i ne r-marke t e r s , brand ed d i s tr i b u tors , or p r i v a te 
d i s t r i b u tors . De al er s  may purchase the i r  prod u c t f rom e i the r re­
f iners or j obber s .  Sta t ion s s e l l i ng the trad emarked p rod u c t  o f  th e 
l arger o i l  compan ie s  a r e  r e fe r red to as " brand ed o u t l e t s . "  Fu l l  
service s t a t ions account for abou t 4 4  perc e n t  o f  a l l  s ta t ions , and 
s pl i t  i s l and s t a t io n s  ( wh er e  cons umers c an buy g a sol i n e  e i th e r  o n  a 
s e l f-serv i c e  o r  a t tend ed b a s i s )  acco unt for abou t 2 2  p e r c en t . l 5  

As a re s u l t  o f  h i ghe r g a sol ine pr i c e s  and g re a t e r  f ue l  e f­
f i c ie ncy o f  au tomob i l e s , t he to t a l  consumpt ion o f  g a so l i n e  i n  the 
Un i ted S t a te s  is e xpec ted to slowly d e crease i n  the  p e r i od t h roug h 
1 9 9 0 .  Th i s  d ec r e a s ing d emand has  caused chang e s  i n  the marke t­
p l ace , re s u l t i ng in the c lo s i ng o f  many marg i n a l l y  pro f i tabl e 
ope r a t ions and a sh i f t toward l e s s  l abor i n te n s i v e  s e l f - s erv i ce 
ope ra t ions and h ig h e r  vol ume serv i ce s ta t ion s . 

C .  Marke t i ng o f  Other  P e trol e um P rod u c t s  

I n  al l ,  more t h a n  3 , 0 0 0  d i f f erent prod uc t s  a r e  mad e f rom pe tro­
l eum and are marke ted i n  a n umber of d i f f e r e n t  ways . Some e x ampl e s  
fol low . 

Di e s e l  f ue l  i s  ma rke ted at tr uck s tops and a g rowi ng n umber o f  
service  s ta t ion s a l l  across the Un i ted S ta te s .  The ra i l ro a d s  o f  
the Un ited S t a t e s  r un o n  d i e s e l  fuel a l so , a nd the ma j or a i r l i ne s  
cons ume h ug e  quan t i t ie s  o f  j e t  f ue l . Av i a t ion g a so l i ne i s  s o ld a t  
general av i a t io n  a i rpo r t s  for use in  p l a n e s  powe red by r e c i procat­
i ng e ng ine s .  And , of  course , both a i rpl ane and ra i l road e n g ine s 
r eq u i r e  the i r  own spe c i a l i ze d  l ub r i c an t s . 

Fo r the f a rm , pe tro l e um-b ased l i quid f e r t i l i ze r s  are a n e c e s­
s i ty tod ay and LPG i s  u s ed for a var i e ty o f  hea t i ng and c rop-d ry in g  
purpo se s .  Wa x e s  and asph al t s  and ind u s t r i a l  o i l s , s uc h  a s  t hose 
for me t a l  wo rk i ng , h yd ra u l i c  sys tems , te x t i l e  mac h i ne ry , t r an s­
forme rs , a nd g e n e r a l  p urpose use , a l l  repre s e n t  impo r tant  u s e s  o f  
pe t role um . 
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E NVI RONM ENTAL C ONS I DE RAT IONS 

I NTRODUCTION 

There are many d iverse env i ronme n t a l  cons i d e r a t ions i n  the 
s torage , transpo rt a t io n , and marke t i ng f u n c t io n s  of the pe t ro l e um 
ind u s try . The s torag e , trans por tat ion , and marke t i ng o f  pe t role um 
raw ma te r ia l s  and prod uc ts are cond uc ted i n  a pr edom i n a t e l y  c l os ed 
sys tem -- tanker s ,  barge s ,  s tor age tank s , p i pe l i ne s , tank c ars , 
tank trucks , and s e rv i c e  s ta t ion und e rg round tanks . Th i s  c losed 
sys tem acts  to pro t e c t  prod uct q ual i ty ,  ens ure the s a fe h a nd l i ng o f  
mate rial s ,  a nd mi n im i ze r e l ease s to the e nv i ronme n t . Some re l e a s e s  
do occur a t  po i n t s  o f  trans f e r , d ur i ng s torag e , d u r i ng e q u i pmen t 
ma i n tenance and c l ean i ng , throug h acc id en ta l  s p i l l s , a nd t hroug h 
d i sposal o f  pe t ro l e um prod uc t s  ( s uch as u s ed l ubr i c a t i ng o i l s ) . 
Th i s  se c t io n  d i sc u s s e s  these  re l ea s e s  and the i r  control  und e r  
e x i s t i ng env i ro nme n t a l  l aws and reg u l a t i on s . Emi s s i o n s  a nd r e­
l ease s r e s ul t i ng f rom the use  of  pe t ro l e um prod uc ts a r e  d i sc u s s ed 
in  Chap te r F ive . 

AIR 

Hyd rocarbons [ vo l a t i l e  org a n i c  compound s ( VOC ) ] ,  a nd n i trog e n  
o x id e s  ( NOx ) a r e  t h e  pr imary a i r  pol l u tants  o f  conc e r n  o f  th i s  
s egme nt o f  the  pe tro l e um ind u s t ry . Hyd rocarbons em i s s io n s  c an 
occur a t  many po i n t s  t h ro ughout the d i s tr i bu t ion sys tem , b u t  pr i ­
mar i ly d ur ing s to rag e a n d  tran s fe r .  NOx em i s s ions a r i s e  f rom 
f ue l -burn i ng eng ines  used to d r ive p umps and compre s so r s  tha t move 
mate r ia l s  throug h the sys tem . Bo th po l l u ta n ts a r e  s ub j e c t  to en­
v i ronme n t a l  r e g u l a t ion . 

I .  Fed eral  and S ta te S t andards and Re g u l a t ions 

The Clean Ai r Ac t and its  as soc i a te d  f e d e r a l  r e g u l a t io n s  ou t ­
l ine the requ i reme n t s  that  t h e  state s mus t fol low i n  manag ing a i r 
qual i ty . The s ta te s , in  t ur n , enac t l e g i s l a t io n  and prom u l g a t e  
reg ul at ions t h a t  c arry o u t  t h e  federal manda tes . Wh i l e  t h e  s t a te s  
may b e  more s tr i ng e n t  than the federal  mand a te s , t h e y  may no t b e  
l e s s  s t r i ng e n t  o r  the f e d e ral requ i reme n t s  wi l l  appl y . Th us , s ta te 
l aws and reg u l a t ion s govern the opera t ion o f  a i r  pol l u t io n  control 
act iv i t i e s  a t  the loc a l  l e ve l , and the se l aws and reg u l a t i o n s  w i l l  
mee t  federal req u i r emen t s . 

State s , i n  t ur n , may e nac t l e g i s l a t ion tha t ve s t s  much o f  t he 
a uthor i ty f o r  carry i ng o u t  the em iss ion co n t r o l  prog r ams w i th l oc a l  
a i r pol l u t ion con trol agenc i e s  organ i zed on a c o un ty , d i s tr i c t , 
mun i c ipal i ty ,  o r  reg i onal bas i s . The s e  l o c a l  o f f i c e s  e n s u r e  t h a t  
t h e  f ederal  and s ta t e  r e g u l a t ions for con trol o f  e x i s t i ng a nd n e w  
and mod i f ied s t a t ionary so urce s a r e  e n forced in  the i r  j ur i sd ic­
t ions . Th ey a l so c a r ry o u t  inspect ions and o t h e r  type s o f  en forc e­
ment ac t iv i t ie s  and i n  g e n e r a l  operate as the " f i r s t  l i ne " i n  a i r  
pol l u t ion contro l  ac t i v i t i e s . 
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The s to r ag e , t r a n s por ta t io n , and marke t i ng s e c to r  o f  the  i n­
d u s try h a s  been pr ima r i l y  c oncerned w i th tho s e  r eg u l a t io n s  tha t 
i nvol ve o n l y  h yd rocarbon and N Ox emi s s ions i n  bo t h  nonat t a i nmen t 
and Prev en t ion o f  S i g n i f i c a n t  De te r iorat ion ( PS D )  s i t ua t io n s . In 
the se s i t ua t ions the reg u l a t ions appl i c a b l e  to t h i s  s e c to r  are th e 
same as t ho s e  f o r  the re s t  o f  the ind u s try , a l thoug h t he em i s s i o n  
con trol e q u i pmen t  i n  mos t  c a se s may b e  d i f fe r en t . 

In non a t ta i nmen t  areas , e x i s t i ng source s mus t  mee t Re asonably 
Ava i l ab l e  Con tr o l  Te chno l ogy ( RACT ) , wh i l e  new and mod i f i e d  so u r c e s  
us ual l y  mus t mee t  New Sourc e Per formance S tandard s ( NS PS ) and Low­
e s t  Ac h i evable Em i s s i o n  Ra te ( LAER)  r eq u i reme n t s . Th ese requ i re­
men t s  spe c i f y  the  emi s s ion contro l s  tha t are mand a te d  to br i ng no n­
a tta i nment  areas i n to a t t a i nme n t . In a t t a i nm e n t  a r e a s , N S P S  a nd 
Be s t  Ava i l ab l e  Con t ro l Te chnology ( BAC T )  requ i reme n t s  appl y  to new 
and mod i f ie d  source s . Wh i l e  the s e  d i s t in c t io n s  a r e  g eneral l y  ap­
p l i c able , each appl i c a t io n  for a perm i t  to con s t r uc t o r  mod i f y  a 
s torag e , t ranspo r ta t io n , a nd marke t i ng source i s  c o n s i d e r e d  i nd i ­
v id ua l l y . Bec a u s e  o f  s uch cons iderat ions a s  a i r q u a l i ty ,  l oc a­
t ion , c once n tr a t i o n  o f  o ther em i s s ion sour c e s , a nd pop u l a t ion 
pa t te rn s , the spec i f i c l eve l o f  con t rol to be app l i ed i s  d e t e rm i n ed 
by neg o t i a t io n . Th us , contro l  technology me e t i ng the req u i remen ts 
for a g i ven l eve l of  con t ro l  may be s im i l ar , b u t  n o t  nece s s ar i l y 
i d e n t i cal , to the s ame con tro l techno l ogy app l ied e l s ewhe r e . 

Th e Cl ean Ai r Ac t Ame ndme nts o f  1 9 7 7  r eq u i re e ach s t a te i n  
wh ich t h e r e  i s  a non a t ta i nmen t  area t o  ad opt and s ubmi t  a r ev i se d  
S t a te Impl eme n ta t i on Pl an ( S I P ) . In rev i s i ng the i r  S I Ps ,  s ta te s  
mus t d ev e l op and ad op t r e g u l a t ions appl i c a b l e  to e x i s t ing s t a t io n­
ary sour c e s  of  VOC em i s s ions and th e se reg u l a t io n s  m u s t  r e f l ec t  the  
use  o f  RAC T .  

To prov ide s ta te and local  a i r pol l u t io n  control  agen c i e s  wi th 
an i n forma t ion base f o r  proceed i ng w i th d e ve l opme n t  o f  approp r i a te 
reg u l a t ion s , the Env i ro nme n ta l  Pro t e c t io n  Ag e n c y  ( E PA ) has  p u b­
l i shed a se r i e s  o f  Co ntrol  Te c h n i que Gu id e l i n e  ( C TG ) docume n ts . 
Th e CTGs pre s e n t  a r e v i e w  o f  e x i s t i ng in forma t io n  concern i ng t h e  
technolog i c al and e conom i c  f e as i b i l i ty o f  v a r i o u s  c o n trol t e c h­
n ique s to r e d uc e  VOC emi s s ions , and s ugge s t  emi s s io n  l im i t s  t ha t 
E PA con s i d e r s  the  " pr e s ump t ive norm " bro ad ly repre s e n t a t i v e  o f  RACT 
for the e n t ire s ta t ionary source ca tegory . I n  add i t io n , the d o c u ­
men ts i nc l ud e a " mode l reg u l a t ion"  based on t h e  con trol te c h n ique s 
and emi s s ion l im i t s . 

CTG doc umen t s  a r e  o f  nece s s i t y  g e neral  i n  nat u r e  and do not 
f ul ly a c co u n t  f o r  var i a t ions w i t h i n  an i nd u s t r i a l  source c a teg ory . 
Th u s , there may e x i s t  a n umbe r  o f  reasons for reg ul a t ions d e v e l oped 
by s t a te and local con tro l agenc i e s  to d e v i a te f rom t he " pr e s ump­
t ive no rm " i nc l ud ed in a CTG doc umen t .  The CTG d oc umen t ,  h owe ve r , 
i s  a par t  o f  the r u l emak i ng re cord that E PA c on s i d e r s  i n  rev i ew i ng 
revised S I Ps ,  and the in forma t io n  con ta i ned i n  the  d oc um e n t  i s  
usual ly h ig h l y  r e l ev a n t  t o  E PA ' s  d e c i s ion t o  approve or d i sapprov e 
t he S I P .  In the pa s t , E PA w i thhe ld approva l  o f  the  S I P u n t i l  C TG 
l ang uag e  h ad been i n c l uded . 
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Ind u s t ry has  b e e n  c r i t i c a l  o f  the CTGs pr imar i ly b e c a u se t he 
d oc uments are no t s ub j e c t  to formal r u l emak i ng proce d u r e s  d ur ing 
the i r  d eve lopmen t  or p r i o r  to p ubl ic a t io n . A l t hough E PA may i n­
corporate ind u s t ry i np u t  from rev iew o f  the  d ra f t s , t he c ar e f u l l y  
worded te chn i c a l  prov i s io n s  a r e  in  some i n s tances  s ubve r te d  whe n  
t he mod e l  r eg ul a t i o n  i n  the docume n t  e d i to r i a l l y  impo s e s  more re­
s t r i c t ive requi reme n t s  wi thou t j us t i f i c a t ion and wi tho u t  a s ses s ­
m e n t  of the i r  c o s t  e f f e c t iv e n e s s . A mor e  f o rm a l  rev i e w  proc e s s  
could red uce the l i ke l i hood o f  th i s  prob l em . 

The need for an improved proced ure i s  empha s i z e d  when the CTGs 
a re inte rpr e te d  by the s ta t e s  or EPA r eg i o n s  to b e  s ta nd ard s o r  
reg ul a t ions rather  than g u i d ance docume nt s . Th i s  h a s  frequen t l y  
l ed to mo re s t r ing e n t  reg u l a t ions , wi th r e s u l t i ng h ig h e r  c o s t s , 
than we re neces sary to s a t i s f y  a i r qua l i t y  requ i r emen t s . 

I I .  Em i s s ion Trend s 

To tal emi s s ion s o f  pol l u tants i n to the a ir f rom s torag e , 
t ranspo r ta t io n , and marke t i ng f ac i l i t i e s  and ope r a t io n s  cons i s t  
pr inc ipal ly o f  VOCs and a sma l l  amo un t o f  emi s s ions a r i s i n g  f rom 
a ssoc iated pump i ng and mob i l e  source equ i pme n t . Mo s t  o f  the em i s­
s ions a r i s ing f rom t h e se sources are c r i te r i a  pol l u tan t s , i . e . , 
pol l utants fo r wh i ch Na t i o n al Am b i e n t  A i r  Qu a l i ty S t a n d a rd s ( NAAQS ) 
e x i s t . Howeve r , one o f  the VOCs , be n zene , h a s  b e e n  i d en t i f i ed a s  
a ha zard ous a i r  po l l u tan t under Se c t ion 1 1 2 o f  the  C l ean A i r  Ac t 
[ Na t iona l  Emi s s ion S tand ard s fo r Ha z a rd ou s  Ai r Pol l u ta n t s  
( N ESHAPS ) ] ,  a nd ad d i t ional s teps may b e  requ i red in  the f u t ur e  to 
red uce p ub l i c  e xpos ure . The fol lowing s e c t i o n s  o u t l ine the trend s 
o f  em iss ions f rom these po l l u tants and the cons i d e r a t io n s  i nvolved 
in the i r  hand l i ng i n  t h i s  s e c tor . 

A .  C r i te r i a  Po l l u ta n t s  

The emi s s ions o f  VOCs l arge ly oc c ur f rom c r ud e  o i l  o r  l i g h t  
l iqu id prod u c t s  such a s  m o t o r  g a so l ine , av i a t i o n  g a s o l i n e , o r  
m i l i t ary j e t  f ue l . Emi s s ions occur d u r ing s torage and when the 
l iqu id is t r a n s f e rred , l oad ed , o r  unload ed . VOC s  a r e  also emi t ted 
to the a tmosphere through the l e aks that  occur  in the s e a l s on 
pumps , valve s ,  and f l ang e s .  Le aks are a v e ry sma l l  source o f  
f ug i t ive emi s s ions when the equ i pmen t  i s  ad equa te l y  ma i n t a i ne d . 

Par t i c u l a te ma t te r , N Ox , s u l f ur ox ide s ( S Ox ) ,  and c arbon 
monox ide ( CO )  are em i t ted as compone n t s  of the e x h a u s t  g a s e s  of 
eng ine s  and t ur b i n e s  u s e d  to p ump and transpo r t  c r ud e  o i l , n a t u r a l  
gas , and prod u c t s . In add i t ion , pe trol e um i nd u s t ry s to rag e , t r an s ­
por ta t ion , a n d  marke t i ng ac t i v i t ie s  create  some d u s t , wh i c h  ad d s  to 
a tmosphe r i c pa r t i c u l a te ma tter . Du s t  is ra i s ed f rom road s and road 
beds trave r s ed by tank t r ucks and ra i l road tank c ar s . A l s o , tank 
f arms o f te n  con ta i n  unpaved road s from wh i c h  the w i nd and veh i c l e  
movemen t  can l o f t  d us t . The se emi s s ions f rom e xh a u s t s , ve h i cl e  
moveme n t s , and the road s o f  s torage areas a r e  sma l l  compared to 
other pe trole um i nd u s try contr i b u t ions and are i n s ig n i f i c a n t  
compa red t o  nat ional to ta l s . 
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To ta l  em i s s i o n s  f r om s torag e , t ranspo r ta t io n , a nd ma rke t i n g  
general l y  a r e  w id e l y  d i spersed geog raph i c al l y  and a r e  d i f f i c u l t  t o  
e s t imate w i t h  a h ig h  d e g ree o f  ac cur acy . The r e fo re the ag g reg a t e d  
emi s s ion e s t ima t e s  p ub l i shed by E PA a n d  u s ed i n  th i s  d i s c u s s ion ar e 
not h ig h l y  a c c u r a te i n  an abso l u te sense ; howe ve r , t he y  a r e  use f u l  
for d e sc r i b i ng g e n e r a l  trends and t h e  r e l a t ive l e ve l s  o f  emi s s i o n s  
f rom var io u s  sourc e s . l 6  

Probab ly t he mos t  a c c ur a te ly known o f  the  v a r i o u s  po l l u ta n t  
emi s s ions a r e  the  VOC s . Tabl e 5 0  shows n a t i o n a l  e s t ima t e s  for 1 9 7 9  
o f  about 2 4 . 6 m i l l i o n  me tr ic tons pe r year from a l l  so u r c e s i n  the 
n a t io n . Wi t h i n  the pe t rol e um i nd u s t ry , abou t 0 . 6  m i l l io n  me t r i c  
tons re s ul t from c rud e o i l prod u c tion , s to rag e , a nd t r an s f e r , a nd 
abo u t  1 . 8  m i l l ion me t r i c  tons re s ul t  f rom pe t ro l e um p rod u c t  s to r ag e  
and trans f e r . 

TABLE 5 0  

1 9 7 9  Hydrocarbon ( VOC ) Emi s s ions* 

( Mi l l ions of Me tr ic Tons Per Year ) 

VOC Emis s ions 

Natio nal Total 2 4 . 6 

C rude Oil Productio n , Stor age , and Tr ans fer 0 . 6  

P e troleum Product Storage and Transfer 1 . 8 

* Source o f  data : Environmental Protection Agency , N ational 

Air P o l lutant Emi s s ion Estimates , 1 9 7 0 - 1 9 7 9 , March 1 9 8 1 . 

Ta b l e  5 1  s hows l i t t l e  o r  no trend ove r the ye a r s  1 9 7 0 - 1 9 7 9  i n  
the na t ional to t a l  VOC emi s s ions or i n  the pe t ro l e um ind u s try co n ­
t r ib u t i on s . Ove r  t h i s  1 0-ye ar pe r iod , t h e r e  has  b e e n  a s ub s tan t i a l  
increase i n  pe t rol e um i nd u s t ry th ro ughput  a s  i nd i c a te d  b y  a 3 5  pe r­
cen t i n c re a se in  c rud e o i l  re f i ned and a 22 p e r c e n t  i nc re a s e  in 
gasol ine d emand . The l a ck o f  a corre s pond i ng i nc re a s e  i n  emi s s ions 
r e f l e c t s  rather  e x t e n s ive impl eme n t a t i o n  o f  VOC em i s s i o n  contro l s  
i n  the i nd u s t ry . 

Emi s s ions o f  par t i c ul a t e  ma t ter , N Ox , S Ox , and C O  f rom 
s torag e , transpo rta t io n ,  a nd marke t i ng ope r a t i o n s  a r e  b e l i e v ed 
to be from one to s everal  ord e r s  o f  mag n i t ud e  l owe r than those 
o f  VOCs . Howeve r , e x cept for NOx , no nat ionw i d e  e s t ima te s are  
ava i l abl e . The pe trol e um indus try con t r i b u t e s  approx ima t e l y  6 
percent to the nat ional  NOx em i s s i ons and p e t ro l e um s to rag e , 
transpo r t a t ion , and marke t i ng contr i b u t e s  abou t  on e-ha l f  o f  one 
percent ( Ta b l e  5 2 ) . 

3 6 6  



TABLE 5 1  

E s timated Hydrocarbon Emission Trends - - 1 9 7 0 - 1 9 7 9 *  

( Mi l l ions of Me tric Tons Per Yea r )  

Crude Oil Petroleum 

Production , Product 

N a tio nal Sto rage , and Storage and 

Year Total Transfer T ransfer 

1 9 70 2 7 . 7  0 . 5 9 1 . 7  

1 9 7 1  2 7 . 0  0 . 5 9 1 .  7 

1 9 72 2 7 . 4  0 . 6 0  1 .  8 

1 9 73 2 6 . 8  0 . 6 0  1 .  9 

1 9 74 2 5 . 5  0 . 5 8  1 .  8 

1 9 7 5  2 3 . 4  0 . 5 7  1 .  8 

1 9 7 6  2 4 . 4  0 . 5 8  1 . 9 

1 9 7 7  2 4 . 4  0 . 6 0  1 .  9 

1 9 78 2 5 . 4  0 . 6 1 1 .  9 

1 9 79 2 4 . 6  0 . 6 1  1 . 8 

* Source of da ta : Env ironmental Protectio n  

Agenc y ,  N ational Air Pol lutant Emi s s ion E s timate s , 

1 9 7 0 - 1 9 7 9 , March 1 9 8 1 .  

The impac t o f  s to rag e ,  transpo r t a t ion , a nd ma rke t i ng em i ss ions 
on air  qual i ty i s  sma l l  and widely d i spersed w i th t h e  g re a te s t  
e f fe c ts d ownw i nd o f  pe trol e um transpo r t a t i o n  t e rm i n a l s  a n d  d e n s e l y  
pop u l a te d  ( h i g h-cons ump t io n ) areas . The l a rg e s t  impac t t heore t i­
c a l l y  r e s u l ts from VOC em i s s ions , wh ich are pr e c u r so r s  to pho to­
chem ical l y  genera ted o zone . 

B .  H a z ardous Po l l u t a n t s  

VOCs emi t ted f rom pe t rol e um s torag e , transpor ta t io n , a n d  ma r­
k e t ing are compo sed o f  thou sand s of org an i c  c hem i c a l  compou nd s .  
Mos t  of the se compounds o c c ur i n  m i n u te quan t i t i e s  i n  the  emi s s ion s 
and are innocuous from the h e a l t h  standpo i n t . Howe v e r , a f ew c orn­
pound s may be ha z a rd o u s  a t  s u f f i c i e n t l y  h ig h  concen tra t io n s . 

Among the many o rg a n ic compounds occurr i ng i n  sma l l  amou n t s , 
benzene i s  one o f  the  more preva l e n t  and i t  h a s  b e e n  i d en t i f i ed a s  
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TABLE 5 2  

1 97 7  N itrogen Oxide Emissions* 
( Millions of u . s .  Tons of NOx [ as N02 l Per Ye ar ) 

National Total 

Petroleum Industry Total 

Storage , Transportation , and Marketing Total 

Marketingt 

Transportation 
Crude Oil 
Products 

2 2  

1 . 3  

o . o so 

0 

0 . 0 6 8  

0 . 0 1 2 

*Source of data : American Petroleum Institute , � 
Emissions from P etroleum I ndustry Operations , October 1 9 7 9 . 

t inc ludes storage . 

a NESHAPS po l l u ta n t . Th e ident i f i c a t i on wa s mad e b e c a u s e  b e n z e ne 
a t  very h ig h  conc e n tra t io n s  in  i nd u s tr i a l  u s e s  h a s  b e e n  a s soc i a te d  
w i th l e ukem i a . 

Be n ze n e  em i t ted f rom g a so l ine hand l i ng i s  e s t imated to b e  o n  
the  ord e r  o f  0 . 8  p e rc e n t  o f  t h e  t o t a l  h yd roca rbon emi t te d . l 7  I f  
i t  i s  a s s umed tha t al l o f  the s torag e , t r an spo rt a t i o n , and marke t­
i n g  VOC emi s s ions in Tabl e 50 are from g a s o l i n e , to t a l  b e n z e n e  
emi ss ions from s to rag e , t ranspo r ta t io n , a nd marke t in g  wou l d  b e  o n  
t h e  ord e r  o f  1 6 , 0 0 0  u.s. tons per yea r . Mea s ured b e n z e n e  conce n­
t r a t ions i n  the amb i e n t  a i r at g a so l ine s e rv i ce s t a t ions h ave b e e n  
found t o  r a n g e  u p  t o  5 0  parts  per b i l l ion w i th an average o f  6 
par ts pe r b i l l i o n . l 8  

Em i s s ions o f  b e n z e ne and al l the compou nd s pr e s e n t  i n  s torag e , 
transpor t a t ion , and marke t i ng VOC emi s s ions are red uced by emi s s io n  
contro l s . Conseque n t l y , b e n z e ne em i ss ions have b e e n  red uced by the  
p a s t  appl i c a t io n  o f  t h e s e  contro l s  and are e xpec ted to con t i n ue to 
t re nd d ownwa rd s i n  the  f u t ur e . At the pr e s e n t  pub l i c  exposure 
l e ve l s  there is  no s ig n i f icant  heal th r i s k  f rom b e n zene  and no 
f ut ure pub l i c  h a z a rd i s  e xpec ted . 

I I I . S torage E m i s s ions 

As s tated i n  the Indu s try Ope r a t ions se c t i o n  of t h i s  chapte r , 
tremend o u s  vol ume s o f  r a w  ma t e r i a l s  and re f ined prod u c t s  mus t  b e  
s tored a t  v a r io u s  po i n t s  i n  t h e  pe tro l e um d i s tr i b u t io n  sys tem . 
F i ve bas i c , abov e-g ro und , ver t i c a l  wa l l  tank d e s ig n s  are u sed fo r 
s to rag e o f  l arge vol ume s o f  pe tro l e um l iq u i d : f i x e d  roo f , e x te rnal , .  
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f l oa t i ng roof , i n tern a l  f l oat i ng roof , var i ab l e  vapor space , a nd 
pres sure ( l ow a nd h ig h ) . Smal l vo lume s  o f  prod u c t s  are  u s ua l l y 
s tored i n  cy l i nd r i c a l  tanks , pos i t ioned hor i z on t a l l y  above g round 
or , a s  a t  s e rv i ce s t a t ions , und e rg round . The e nv i ronme n t a l  c on­
s i de rat ions for these  l a t t e r  tanks w i l l  b e  ad d re s s e d  i n  the Mar­
ke t i ng Em i s s ions s e c t ion of th i s  chap te r . 

The type o f  s torage v e s s e l  u t i l i ze d  d epend s p r imar i l y  upo n the 
vo la t i l i ty and vol ume of the ma te r i a l  to be s tored , the l oc a t io n  
and f un c t ion o f  the assoc i a te d  fac i l i ty , a n d  the appl i c a b l e  env i­
ronme n t a l  reg ul a t ion s . A vol a t i l e l iqu id s uc h  as g a s o l i n e  wo u l d  
usua l l y b e  s to red a t  a term i nal  i n  l arge , e x t e r na l  f l oa t ing roo f 
tank s ; i n  a geog raph i c  are a h av i ng i nc l eme n t  we a the r ,  howeve r , 
i n ternal f l o a t i ng roof tanks wou l d  be mo re typ i c a l . Lower vol ume 
s torage o f  g a so l ine a t  a b u l k  plant  norma l ly wo u l d  be i n  smal l , 
f i xed roof tankag e . 

Pe tro l eum prod u c t s  l e s s  vol a t i l e than g asol i n e  are  s to red i n  a 
n umbe r  o f  ways , d e pe nd ing upon local cond i t ions a nd t h ro ughput 
quan t i t i e s . Fo r e x ampl e ,  h e a t ing o i l  ( No .  2 f ue l ) a nd re s id ua l  
f ue l  ( No .  6 f ue l ) ,  be i ng e s s e n t i a l ly nonvol a t i l e , are  s tored i n  
f i xed roo f tank s . Mo re v o l a t i l e  pr od u c t s , s uc h  a s  b u t ane and pro­
pane , h ave h i gh va po r  pre s s ure s a t  no rmal amb i e n t  tempe r a t ure s 
and the r e fore must  b e  s to red in pr e s s ur i ze d  tankag e . Cr ud e o i l  has 
an e x treme l y  var i a b l e  va po r  pre ss ure d e pe nd ing u pon the concen tr a­
t ion of l ig h t  hyd roc arbon s ,  and conseque n tl y , i t s  s to r ag e  i n c l ud e s  
both f i xed roo f  and f l oa t i ng roo f  tank s . Bec a u s e  o f  env i ronme n ta l  
reg ul a t ions , a l ow v ol a t i l i ty c rud e o i l  m i g h t  h a v e  to be s to red i n  
internal floa t i ng roo f  tanks i n  one a r e a  b u t  c o uld u t i l i ze f i xe d  
roo f tanks i n  ano the r are a . 

A .  Tank De s cr ip t ions l 9  

1 . E x ternal  F l oa t i ng Roo f  Tanks 

Typ i c al e x t e rnal  f l oa t i ng roo f tanks are shown in F i g u r e s  7 4 ,  
7 5 ,  and 7 6 .  Th i s  type o f  tank cons i s t s  o f  a c y l i nd r i c a l  s te e l  
shel l equ i pped w i th a deck o r  roo f t h a t  f l oa t s  o n  the s ur f ac e  o f  
the s tored l iq u i d , r i s i ng and f a l l ing w i t h  t h e  l i qu id l e ve l . Th e 
l iqu id s u r f a c e  i s  compl e t e l y  cove red by the f l oa t i ng roo f , e x cept 
i n  the sma l l  ann u l a r  space be tween the roo f  and the t a nk wal l . A 
seal a t tached to the roo f conta c t s  the tank wa l l  and cove r s  the 
annular spac e . The seal s l i d e s  aga i n s t  the tank wa l l  as the  roo f 
i s  r a i s e d  or l owe red by ad d i t ion or wi thd rawa l o f  the s to red 
l iquid . 

External floa t i ng roo f s  are c urre n t l y  o f  t h r e e  g e n e r a l  type s : 
pan , po n too n , a nd doub l e-d e ck . Wh i l e  nume rous pan - t ype f l oa t i ng 
roof s  are c urre n t l y  i n  use and are g i v i ng s a t i s f ac tory s e r v i c e , the 
prese n t  trend i s  towa rd the o ther two type s . Ma n u f a c t ur e r s  s upply 
var ious ve r s ions of the se b a s i c  type s of roof s ,  wh i c h  are ta i l ored 
to empha s i ze some par t i c u l ar f e a ture , s uc h  a s  f u l l l i qu i d  con ta c t ,  
load carry i ng c apac i ty ,  roo f  s t ab i l i ty ,  or pon toon arrang ernen t . 2 0 
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F i g u re 74.  Pontoo n-Type Externa l  F loat i ng  R oof T a n k .  

SOURCE: Envi ronmental P rotect ion Agency, Control o f  Volatile Organic Emissions from Petroleum L iquid S torage in External 
Floa ting Roof Tanks, 1 978. 
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Fig u re 75 .  Pa n-Type F loat ing  R oof Storage Tank  ( M eta l l ic Sea ls ) .  

SOURCE: Environmental Protection Agency, Compilation o f  A ir Pollutan t  Emission Fac tors, Supplement 7 ,  Ap r i l  1 977. 
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NOZZLE """ � Fl li-t 
F igure 76. Dou ble- Deck Floati ng Roof Storage Ta�k ( N o n m etal l i c  Sea ls ) .  

SOURCE: Environmental Protection Agency, Compilation o f  A ir Pollutant Emission Factors, Supplement 7 ,  Apr i l 1 977. 

2 .  F i xe d  Roof Tanks 

A typ i c a l  f i xed roo f tank is shown i n  F i g ur e  7 7 .  Th i s  type o f  
t ank cons i st s  o f  a cy l i nd r i c al s t e e l  she l l  w i t h  a pe rmanen t l y  
a f f ixed roo f ,  wh i c h  m a y  vary i n  d e s ign f rom c o n e  o r  d ome shaped to 
f l a t . 

F i x e d  roof tanks are commonly equ i pped w i th a p r e s s u r e/ va c u um 
valve that  a l l ows t h em to ope r a te a t  a s l i g h t  i n te r n a l  pre s s ur e  o r  
vac u um . The p r e s s ure/vacuum valves pr ev e n t  the  r e l e ase o f  v apo rs 
only d ur i ng very sma l l  changes i n  tempe ra t ur e , pre s s ure , or l i q u i d  
l ev e l . Th e s e  tanks a r e  g e neral ly c o n s i d ered the ac ceptab l e  s tan­
dard for s torage o f  pe trole um or vo l a t i l e  organ i c  l i q u i d s  w i t h  very 
l ow vapo r pre s s ur e s . 
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Fig u re 77.  Fixed Roof Storage Tan k .  

SOURCE: Environmental Protection Agency, Compilation of Air Pollutant Emission Factors, Supplement 7 ,  Apr i l  1 977. 

3 .  I nt e r n a l  F l o a t i ng Roo f  Tanks 

An i n t e r nal f l o a t i ng roo f tank h a s  a perman e n tl y  a f f i x ed roo f 
and an i n t er n a l  d e ck o r  roo f  that floats on the  l i qu i d  s ur f ac e  
( conta c t  roo f ) o r  t h a t  r e s t s  o n  po ntoons s e v e r al i n c h e s  above the 
l iq u id s ur f ac e  ( noncon tac t roo f ) .  Con ta c t  roo f s  i nc l ud e  a l umin um 
s andwich pan e l  roo f s  wi th a honeycomb a l um i n um core f l o a t i ng i n  
con tact w i t h  t h e  l iq u i d , and pan s te e l  roo f s  f lo a t i ng i n  con t ac t 
w i th the l i q u i d , w i th o r  w i tho u t  pon toons . No nconta c t  roo f s  typ i ­
c a l l y  cons i s t  o f  an a l um i n um d e ck or an a l um i n um g r id f r amework 
s uppo r ted above the l iq u i d  sur face  by t ub u l a r  a l um i num pon too n s . 
Bo th type s o f  roo f , a s  i n  the case  o f  e x te r n a l  f l oa t i ng roo f s , com­
monl y  i ncorpo rate f l ex i b l e  per ime te r s e a l s  or w i p e r s  tha t s l id e 
aga i n s t  the  tank wal l  a s  the  roo f move s up and d own . In  add i t ion , 
c ir c u l a t io n  v e n t s  and an ope n vent  a t  the top o f  the  f i x e d  roof c a n  
b e  prov id ed t o  m i n imi ze the pos s ib i l i ty o f  vapor acc um u l a t io n  i n  
concentra t io n s  approac h i ng the f l amma b l e  rang e . A t yp i ca l  con t a c t  
i n t e r n a l  floa t i ng roo f  t a n k  i s  shown i n  F i g ur e  7 8 .  

NOZZLE 

II 

�'--�-� ,t;; ROOF � 
0L SEAL II ,..........._ 

P" GU IDE ROD 

A IR SCOOPS � 
L IQUID LEVEL 

MANHOLE \ 
�� 

Fi g u re 78.  I n ternal  F loati n g  R oof Storage Tank .  

SOURCE: Environmental Protection Agency, Compilation o f  Air Pollutant Emission Factors, Supplement 7 ,  Apr i l  1 977. 
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4 .  Pre s s ure Tanks 

There are two c l a s se s o f  pre ss ure tanks i n  g e n e r a l  use -- l ow 
pre ssure ( 2 - 1 5 p s ig ) and h ig h  pressure ( up to abo u t  2 5 0  p s ig ) . 
Pre ss ure tanks are g e n e r a l ly used for s torage o f  l i q u i d s  w i th h ig h  
vapo r pre s s ur e s  a n d  are f o u n d  i n  ma ny s i z e s  and shape s , d epend ing 
upon the ope ra t i ng range o f  the tank ( se e  Tabl e 5 3 ) .  

TABLE 5 3  

Characteristics o f  Pres sure V e s s e l s  

S hape of V e s s e l  Operating Pres sures 

Hor i zontal , Cyli ndr ic al Various ( depe nding upon 

product vapor 

Spheres Up 

Spheroids Up 

Noded Spheroids Up 

Hemi sphe roids Up 

Noded Hemi spheroids Up 

5 .  Var i ab l e Vapor Space Tanks 

to 2 1 7 p s i g  

to 5 0  p s i g  

to 2 0  p s i g  

to 1 5  p s i g  

to 2 . 5  p s i g  

pr e s sur e )  

Var i ab l e vapo r  s pace ta nks are equ ipped w i th e xpand ab l e  vapor 
res e rvo i rs to accomo d a t e  vapor vo lume f l uc t u a t ions a t t r ib u tab l e  to 
tempe ra ture a nd b a rome tr i c  pressure chang e s . The two mos t  common 
types are l i f te r  roof tanks and f l e x ib le d i aphrag m  t ank s , s hown i n  
F i gures 7 9  and 8 0 . A l t hough t h i s  type o f  t a nk i s  s ome t i me s  u s ed 

ROOF SEAL  
(L IQU I D  I N  
TROUGH) 

NOZZLE 

/PRESSURE-VACUUM VENT 

� 

--

/ L IQUID LEVEL 

�� """ 

Ll 
i- L l  FTER 

ROOF 

MANHOLE X m { 
F igure 79. L ifter Roof Storage Tan k (Wet Sea l ) .  

SOURCE: Environmental Protection Agency, Compilation o f  Air Pollutant Emission Factors, Supplement 7 ,  Apri l 1 977. 
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Fig u re 80. F lex i b l e  D iaph ragm Tank ( I nteg ra l U n i t ) .  

SOURCE: Env i ronmental Protect ion Agency, Compilation o f  A ir Pollutant Emission Factors, Supplement 7 ,  Apr i l  1 977. 

i nd epend en t l y , they a r e  norma l ly connec ted to the vapo r  spac e s  o f  
one o r  more f ixed roof tank s . 

Li f t e r  roo f tanks h ave a tele scop i ng roo f  tha t f i t s l oo s e ly 
a round the ou t s i d e  of  t he ma i n  tank wa l l . Th e spa c e  b e twe e n  the 
roo f  and the wa l l  i s  c losed by e i ther a we t s e a l , wh i c h  con s i s t s o f  
a trough f i l led  w i th l iq u id , o r  a d ry s e a l , wh i c h  emp l oy s  a f l ex i­
ble  coated fabr i c  i n s tead o f  the tro ugh . 

F l e x i b l e  d iaphragm tanks use f l e x i b l e  membran e s  to prov i d e  e x­
pand able vol ume . Th ey may b e  separa te g a s - h o l d e r  un i t s o r  i n teg ral 
un i t s  moun ted a top f ix ed roo f  tanks . 

B .  Loss Mechan i sms 

To und e r s t and how h yd roc arbon vapo r los s e s  can o c c u r  d ur ing 
s torag e , i t  is n e c e s s ary to in trod u c e  the conce p t  of v apo r pres­
s ure . Eve ry pe trole um l i qu id has a f i n i te vapor pre s s ure t h a t  i s  
d epend en t  upon the s ur fa c e  tempe rature and the c ompo s i t io n  o f  
l iqu id . Al l o f  the s e  l iq u i d s  tend t o  e s tabl i sh a n  e qu i l i b r i um 
concentrat ion o f  vapo rs above the l iqu id sur f a c e . Und e r  c ompl e te ly 
s t a t i c  cond i t io n s , a n  equ i l i br i um vapor conc e n t r a t ion i s  e s tab­
l i shed . Howeve r , a l l  tankag e i s  e xpo sed to some d e g re e  o f  d yn am i c  
cond i t ions tha t d i s t urb th i s  equ i l ibri um ,  l e ad i ng t o  add i t ional  
vapo r i za t io n . The se dyn am i c  cond i t ions are r e spo n s i b l e  f o r  con­
t in ued evapor a t io n , r e s ul t i ng i n  s tock l o s s  and a tmo s ph e r i c  
em i s s ions . 

When a vol a t i l e  l iq u id i s  in t rod uced i n to an a i r- f i l l ed f i x ed 
roo f tank , a sma l l por t ion o f  l iq u id vapor i ze s  to s a t ura te t h e  
vapor spa c e  above the  l i qu id . The frac t io n  o f  h yd rocarbo n  vapo r  
r e l a t ive t o  a i r i n  t h e  con f ined vapor space w i l l  d epend upo n  the  
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vapo r pr e s s ur e  of  the l iq u i d  be i ng s to red . As a i r  i s  p u l l ed i n  
thro ug h  t he tank ven t , wh i c h  occurs whe n  t h e  vapo r  space  c oo l s  o r  
whe n  l iq u i d  i s  wi thd rawn from the tank , add i t io n a l  l iqu i d  vapo r i ze s  
to s a t ur a te the a i r i n t rod uce d . Conver s e ly , s a t ur a t e d  vapor i s  
e xpe l l ed f rom the tank wh e n  the vapo r space wa rms u p  o r  whe n  l iq u i d  
i s  add ed t o  t h e  tank . 

Because a f l oa t i ng roo f e s se n t i al ly e l i m i n a te s t h e  vapor s pace 
b e twee n  the l i qu id s ur face and the roo f , evapo r a t i o n  l o s s e s  f rom a 
f l oa t i ng roo f tank w i l l  pr imar i ly or i g i n a te f rom t h e  r im space b e ­
c ause o f  w i nd ind u c ed me chan i sms . Wi nd tunnel  t e s t s  h av e  shown 
that the a i r  t h a t  f l ows up and over the top of a f l oa t i ng roo f tank 
prod u c e s  a l ow-pr e s s u r e  zone above the roo f  o n  the upwi nd s id e  o f  
the tank . Th i s  re s ul t s  i n  a ir f rom t h e  d ownw i nd s id e  mov i ng aro und 
t he c ir cumference of t he tank above the r im s pa c e . A s te ad y  w i nd 
th us e s tab l i shes  pre s s ur e  d i f feren t i a l s  a c ro s s  the  f l oa t i ng roo f , 
w i th h ig h  pre s s ur e s  on the d ownw i nd s id e  and l owe r pre s s ur e s  o n  the 
upwi nd s id e  of the f l oa t i ng roo f . 2 l  

C .  Emi s s ion Sources  and Con t ro l s  

The emi s s ions f rom s torage tanks o c c u r  b e c a u s e  o f  vapor d i s ­
p l acement d u r ing tank f i l l i ng ,  vapo r expan s i o n  c a u s e d  by t emper ­
a t ure and b arome t r i c  pre ss ure change s and/or i nc re a s e  i n  vapo r 
satur a t ion l e ve l , w i nd f l ow , a nd/or evapo r a t i o n  f rom we t te d  s ur­
face s o f  the tank . The appl i c ab i l i ty a nd impac t o£ the se f a c tor s 
d epend s upo n the type o f  tank and the seal sys tem empl oyed as a 
con trol me as ur e . The em i s s ion source s and the  con t ro l s  for e ac h  
o f  t h e  f iv e  type s o f  s torag e  tanks a r e  d i s c u s s e d  be l ow . 2 2  

Ta b l e  5 4  p r e s e n t s  a compar i so n  o f  the em i s s i o n s  f r om g a so l i ne 
s torage i n  f ixed roo f , i n ternal  f l oa t i ng roo f , and e x t e r n a l  f l oa t­
i ng roof tanks w i th v a r ious seal  sys tems . 

1 .  F i xed Roo f Tanks 

Th e two type s of em i s s ions f rom f i x ed roof tanks are b re a t h i ng 
losses  and wo rk i ng l o s se s .  Breath i ng l o s s  i s  the  e xp u l s io n  o f  
vapo r from a tank d ue t o  vapo r  expans ion and contr ac t io n  f r om 
change s i n  tempe r a t ure and barome t r i c  pre s s ur e . I t  o c c u r s  i n  the 
abs e nce o f  any l iqu id level chang e i n  the tank . 

The comb ined l o s s  from f i l l i ng and emp ty i ng i s  c a l l ed wo rk ing 
loss . F i l l i ng loss  i s  as soc i a te d  w i t h  an  i nc r e a s e  o f  the  l iq u i d  
l evel i n  the tank . The vapo r s  are expe l l ed f r om t h e  tank whe n  the 
pre ss ure i n s ide  the tank e x ceed s the re l ie f  p re s s ur e , a s  a re s ul t 
o f  f i l l i ng . Empty i ng l o s s  occurs whe n  a i r  d rawn i n to the tank 
d ur i ng l iqu id r emov a l  b ecome s s a t urated w i th h yd roc arbon vapor and 
e xpand s , t h u s  e x ceed i ng the c apac i t y  o f  the vapo r  space . 

Seve ral  me thod s are used to control em i s s i o n s  f r om f i x ed roo f  
tanks . One me t hod i s  i n s t a l l a t ion o f  a n  i n te r n a l  f l oa t i ng roo f and 
seal s to m i n im i z e evapo ra t ion of prod u c t  b e ing s tored . The con tro l 
e f f i c i ency o f  t h i s me thod r anges f rom 6 0  t o  9 2  p e r c en t , d epend i n g  
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TABLE 54 

Comparison of Emissions from Typical Gasoline Storage T anks* 

Type of T ank and Seal System 

Fixed Roof 

I nternal Floating Roof§ 
Primary Seal Only 
Plus Secondary Seal 

External Floating Roof 

Welded Tanks 

Mechanical Shoe Seal 
Plus Rim-Mounted Secondary 

Liquid-Mounted Resilient Seal 
Plus Rim-Mounted Secondary 

Vapor-Mounted Resilient Seal 
Plus Rim-Mounted Secondary 

Riveted Tanks 

Mechanical Shoe Seal 
Plus Rim-Mounted Secondary 

Total Annual Emissions t 

1 , 0 0 0  lbs/yr bbl/yr 

59 1 

1 .  4 
o . s  

2 8 . 1 
1 .  6 

8 .  1 
1 . 4 

1 7 4 . 8  
58 . 2  

3 0 . 5  
5 . 9  

2 , 762  

7 
2 

1 3 1  
7 

38 
7 

8 1 7 
2 72 

1 42 
2 8  

*Assumptions - - Tank description : 1 0 0- foot- diameter tank; shell  painted 
aluminum color . Average vapor space height ( fixed roof tank ) including roof 
volume correction = 28 feet. Stored Product : Motor gasoline; Reid vapor 
pressure , 1 0  psia; 5 . 1 lb/gal liquid density; 3 7 5 , 0 0 0  barrels throughput for 
the 3 months . Ambient Conditions : 6 0 °F average ambient temperature for the 
3 months ; 1 0  mph average wind speed at tank site for the 3 months ;  1 4 . 7  psia 
atmospheric pressure.  Average diurnal temperature change 1 6 ° F .  

tEmissions calculated using factors in the Environmental Protection 
Agency' s  Compilation of Air Pollution Emission F actors , Supplement 1 2 ,  Section 
4 . 3 ,  July 1 98 1 . 

§ I t  is important to note that EPA has arbitrarily chosen to assume : ( a ) 
that seal factors for an external floating roof tank with a l iquid-mounted r e­
silient primary seal plus a rim-mounted secondary seal should be used for cal­
culating emissions from an internal floating roof tank having only a primary 
seal of any type , and ( b )  that a secondary seal wil l  reduce the standing stor­
age loss by a factor of 4 .  Industry has not accepted these assumptions , pend­
ing results of an API testing program scheduled for completion in late 1 98 1 . 
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upo n the type o f  roof and s e al s i n s ta l l e d  and o n  the type o f  
prod uc t .  The fol l o w i ng s e c t ion d i s c u s se s the  i n t e r n a l  f loa t in g  
roo f  tank i n  more d e ta i l . 

Anothe r control me thod , t he vapo r  recov e ry system , c o l l e c t s  
emi ss ions f rom s torage ve s se l s  and conve r t s  them t o  l iq u i d  prod uc t . 
Seve ral vapo r recov e ry preced ur e s  may b e  used , i nc l ud i n g  vapo r/ 
l iqu id absorpt ion , vapo r  compr e s s ion , vapo r  cool i n g , vapo r/so l i d  
adsorp t ion , o r  a comb i na t ion o f  these . The overal l control  e f f i­
c ienc i e s  o f  vapor r e cove ry sys tems d e pe nd upon the  me t hod u se d , th e 
d e s ig n  o f  the un i t ,  t he c ompo s i t ion o f  v apo r s  r e c ove red , and the 
me chan i c a l  cond i t io n  of the  sys tem . I f  t h e  c o l l e c te d  vapo r s  are 
not to be conv e r te d  to l iqu id o r  r e cyc l ed , t he y  c an b e  d i spo sed o f  
b y  the rma l o x id a t io n  ( inc i n e r a t ion ) .  

2 .  I n te rn a l  F lo a t i n g  Roof Tanks 

An i n ternal floa t i ng roof tank general l y  h a s  
o f  em i s s i o n s  a s  an ex t e r na l  f l o a t i ng roo f t an k : 
and s tand i ng s torag e l os s . F i t t i ng l o s se s , f rom 
the roo f by d e ck f i t t i ng s , roof c o l umn s uppo r t s , 
can a l so con tr i bu te to the  emi s s ion s . 

the  s ame so u r ce s 
w i thd rawa l l o s s  
pene tra t io n s  i n  
o r  o th e r  ope n ing s , 

Because o f  s t r u c t ur a l  cons idera t ion s , the  type o f  pr imary s e al 
u sed to red u c e  em i s s ions  d e pe nd s upo n the type o f  f l oa t i ng roof . 
If  the roo f  i s  a l um i n um ,  u s u a l ly only a smal l ,  va po r-mo un ted w i pe r  
s eal i s  i n s t a l led . Howe v e r , w i th a s t e e l  d e ck , a ny o f  the s e al s 
use d  w i th e x ternal  f l oa t i ng roo f s  can be s a t i s f a c to r i ly employe d . 

Tan k  d i ame t e r  a l so m u s t  be cons i d e re d . Altho ugh i n t e rn a l  
f lo a t i ng roof s  are now i n  use i n  tanks w i th a nom i na l  1 0- f oo t d i a­
me ter , spec i a l  d e s ign s and i n s t a l l a t ions are n e c e s s ary . Twe nty 
feet i s  the pr ac t i c al m i n imum d i ame te r . 

3 .  E x te rn a l  F lo a t i ng Roo f  Tanks 

Th e two type s o f  em i s s ions f rom e x t e r na l  f l o a t ing roof tanks 
are s tand i ng s torag e los se s and w i t hd rawal l o s se s .  S tand i ng s to r­
age loss  res ul t s  from w i nd - i nd u c ed me chan i sms a s  a i r f l ows a c ro s s  
t h e  top o f  the  e x ternal  floa t i ng roo f  tank . W i t hd rawal l o s s  i s  the 
vapo r i z a t io n  o f  the  l iq u i d  that c l i ng s  to the tank wa l l  and is e x ­
posed t o  t h e  a tmosphere when a floa t i ng roo f  i s  l ower e d  b y  w i t h­
d rawal of l iqu i d . Th e w i thd rawal loss  i s  u s u a l ly i n s ig n i f i c an t  i n  
compar i son t o  t h e  s tand i ng s torage l os s , b u t  s h o u l d  b e  cons id e re d  
i n  deve l op i ng total l o s s  quan t i t i e s . 2 3  

Pe n e t r a t i o n s  s u c h  a s  roof f i t t ings  and a c c e s s  p a r t s  through the 
floa t i ng roo f  are ano t h e r  po ten t i a l  source of e va pora t ive l o s s , bu t 
when the se pe n e tr a t ions  are l iqu id-s e a l ed o r  c l o se d , t he l o s s e s  are 
neg l i g i b l e . If a tank i s  compl e te l y  empt i e d , s uc h  t h a t  the under­
s id e  of the roo f is e xpo s ed to a i r , add i t ional  e va por a t i v e  l o s s  
w i l l  re s u l t whe n  t h e  tank i s  s ubseque n t l y  f i l l ed . 

Because the pr imary route  o f  the em i s s i o n s  from t he sur f a c e  o f  
the s tored l iqu id t o  t h e  a tmo sphere i s  f rom the  r im s p a c e  be tween 
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the f l oat i ng roof and the tank she l l , the s e a l  s y s t em and i t s  con­
d i t ion are c r i t i c a l  emi s s i o n  con trol f a c tor s . An e x te r n a l  f l oa t in g  
roo f  tank s e a l  sys tem can cons i s t o f  o ne o r  two separ a te s e al s . 
The f ir s t  s e a l  i s  c al l ed the pr imary sea l , and the s ec o nd s ea l , 
moun ted above the pr imary s e al , i s  cal l ed the se condary s e al . 

Th ree b a s i c  type s o f  pr imary seal s are c u r r e n t l y  i n  w i d e spread 
use . The se pr imary s e a l s  c an be c l as s i f i ed a s  me c h an i c a l  ( me ta l­
l ic )  shoe , r e s i l i e n t  ( nonme tal l i c )  f i l led , a nd f l ex i b l e  w i pe r . Two 
ba s ic con f ig ur a t io n s  o f  s e co nd a ry s e a l s  are c urre n t l y  ava i l a bl e : 
sho e-moun ted and r im-mou n ted . In add i t io n , s ome s e a l  sys tems in­
c l ud e  a we a t h e r  s h i e l d . Othe r  type s of pr ima ry and s e cond a ry seal s 
hav e  been o r  are c u rren tly b e ing d eve l oped b u t  a r e  n o t  p re s e n tl y  i n  
widespread u s e . 

4 .  P re s s ure Tanks 

H i g h-pre s s ure s torage tanks can b e  opera ted so t h a t v ir t u a l l y  
no ev aporat ive o r  wo rk i ng l o s s e s  occu r . Wo rk ing l o s s e s  can o c c ur 
i n  l ow-pr e s s ure tanks d ue to a tmospher i c  ven t i ng o f  t h e  pre s s ur e  
tank d ur ing f il l i ng and w i thd rawal ope r a t ions , a nd vapo r  r e covery 
sys tems are t h u s  some t ime s u s e d . 

Fug i t ive los s e s  are a l so as soc i a te d  w i t h  pre s s ure tanks a nd 
the ir equ i pme n t ,  b u t  wi th prop e r  sys tem ma i n te na n c e  the se l o s s e s  
are con s id ered i n s ign i f ic an t . 

5 .  Var i ab l e  Vapor Space Tank s 

Var iabl e vapor s pace f i l l i ng losse s re s ul t  whe n  vapor i s  d i s­
p l aced by l iq u id d ur i ng f i l l i ng ope ra t i ons , b u t  b e c a u s e  the tank 
has  an e xpand abl e vapor s torage capac i ty th i s  l o s s  i s  no t a s  l arg e 
a s  the f i l l i ng l o s s  a s so c i a ted wi th f i xed roo f tanks , a nd l o s s  o f  
vapo r  oc c ur s  only whe n  t h e  vapor s torage capac i ty o f  t h e  tank i s  
e x ceeded . 

IV.  Transportat ion Emi s s ions 

Th e hyd ro carbon em i s s ions a s so c ia ted w i th the transpo r t a t ion o f  
pe tro l e um l iq u i d s  o c c ur pr imar i l y  d ur i ng the load i ng o f  d e l ivery 
vesse l s . Lo s s e s  d ue to tempe rature and barome tr i c  pre s s ur e  c hang e 
d ur i ng tran s i t  and l o s s e s  d ur i ng manual tank ga ug i ng o f  mar i n e  
v e s s e l  compa r tmen t s  a r e  n eg l ig ib l e . 

Ra i l  tank c ar s  and p i pe l i ne s  are al so impor ta n t  transpo rt a t i o n  
me thod s but  h ave m i n imal emi s s ion s . In f ac t , E PA has  s uspended 
d ev e l opmen t  o f  a C TG for r a i l cars . S im i l ar l y , the r e  a r e  no r eg u l a­
t ions for con t ro l  o f  h yd roc a rbon emi s s ions spec i f i c a l l y  f rom p ip e­
l ines  because the l i n e s  c ompo se a comp l e t e l y  c lo s e d  sys tem and any 
s ig n i f i c a n t  emi s s io n s  can occur  only in an abnormal s i t u a t ion s uc h  
a s  a break o r  a l eak . The se occurrences are m i n im i ze d  by t h e  con­
s tant s urve i l l ance sys tem d e s c r ibed in the Ind u s tr y  Ope r a t i on s  
s e c t io n  o f  t h i s  chap te r . 
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The other  po ten t i a l  em i s s io n  sou r c e  f rom p i pe l in e  ope r a t i o n s  i s  
the e x h a u s t  f rom the  e n g ines  used to d r ive the p umps a t  the  p ump ing 
s ta t ions a l ong the l i ne . Mo s t  o f  these pumps a r e  now e le c tr i c a l ly 
powered but some c an b e  d ie se l  f ue le d , c re a t i ng a r e l a t i v e l y  sma l l 
source of NOx em i s s ions . 

A .  Tank Truck Em i s s ions 2 4  

Hyd rocarbon em i s s io n s  from tank trucks pr imar i l y  o c c u r  d u r i ng 
gaso l ine load i ng a t  marke t i ng t e rm ina l s  and b u l k  p l a nt s . Othe r 
truck-c ar r i ed h ig h-vol ume prod u c t s , s u c h  a s  f u e l  o i l , have a l ow 
vapor pre s s ur e , t h u s  there are no s ig n i f i c a n t  em i s s i o n s  or n e e d  for 
control s .  Un d e r  some cond i t ions in  tran s i t ,  a n eg l ig ib l e  quan t i ty 
o f  vapor may e scape t h rough the pre ss ure/va c u um r e l ie f v a l ve f o und 
on e ach compartme n t  of a truc k . The o c c u r r e n c e  of t h e se l eaks i s  
m i n imi zed , howeve r , b y  the annual leak- t i g h t  te s t i ng r eq u i remen t 
tha t now must  b e  i n c o rpo rated in  S I Ps . 

Wi tho u t  em i ss i o n  contro l s  on the l oad i ng ope r a t i o n , the  quan­
t i t ie s  of vapo r s  emi t ted d epend upon the  l oad i ng me t hod u s ed and 
the conce n t ra t io n  o f  the  vapo rs i n  the truck c ompar tm e n t s  at the 
s ta r t  of load ing . 

The t wo b a s i c  me t hod s o f  f i l l i ng tank trucks are s p l a s h  load i ng 
and s ubme rg ed load i ng . In the spl ash l oad i ng me thod ( F i g u r e  8 1 ) ,  
the f i l l  p i pe d i spen s i ng the  g a so l ine i s  o n l y  par t i a l ly l owe red 
i n to the  compar tmen t .  S ig n i f i c a n t  turb u l e n c e  and vapo r/ l i q u i d  
con tac t i ng o c c ur s , re s ul t i ng in  h i gh l eve l s  o f  vapor g e n e r a t ion and 
l os s . I f  t he t ur b u l ence i s  g re a t  enoug h , l iq u i d  d rop l e t s  w i l l  be 
entra i ned in the vapo r s  and ven ted to the a tmosphere t h ro ug h  t h e  
ope n  h a tc h . 

Th e r e  are two type s o f  s ubmerged l oad ing : the s ubme rg e d  f i l l  
pipe me thod and the bot tom l oad i ng me t hod . I n  the  s ubmerged f i l l  

F I L L  P I P E  
VAPOR EMISS IONS /--- HATCH COVER 

VAPORS � 
� __/ 

CARGO TAN K  

PRODUCT 

Fig u re 81 . Top Load i n g  Method Without Vapor Col lect ion-Top S plash Load i n g .  

SOURCE: Envi ronmental Protection Agency, Compilation of A ir Pollutant Emission Factors, Supplement 7 ,  Apr i l  1 977.  
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p ipe me thod ( F ig ur e  8 2 ) , t he f i l l  p i pe d e s c e nd s  a lmos t  to the bot­
tom o f  the  c ompar tmen t .  In  the bot tom load i ng me t ho d  ( Fi g ur e  8 3 ) , 
the tran s f e r  p i p ing i s  connec ted d i re c t l y  to the c ompa r tme n t  
bo t tom . Dur i ng the  ma j or f i l l ing por t io n  o f  the  s ubme rged f i l l  
me thod , a nd the e n t i r e  po r t i o n  o f  the b o t tom l oad i ng me thod , t h e  
f i l l  p i pe ope n i ng i s  po s i t ioned b e l ow the  l iq u id l e ve l . T h e  s u b ­
merg ed l oad i ng me thod s ig n i f i c an tly red uc e s  l iqu i d  turbu l en c e  and 
vapor/l iqu id con t a c t i ng , the reby res u l t i ng in much l ower hydro­
c arbon l o s se s than encou n te red d u r ing spl ash l o ad i ng . Al so , bot­
tom l oad i ng h a s  the  add i t ional advan tag e s  o f  s a f e t y  and ease o f  
l oad ing . 

""" � /" F I L L  P I PE 
VAPOR EMISSIONS \ I f � �-- HATCH COVER 

J 
VA� _/ 

PRODUCT 

I 

CARGO TAN K  

Fi g u re 82.  Top Load i n g  Method Without Vapor Col lect ion-Top S u bmerged Load i n g .  

SOURCE: Environmental Protection Agency, Compilation of Air Pollutant Emission Factors, Supplement 7 ,  Apr i l 1 977. 

VAPOR VENT TO 
R ECOVERY OR ATMOSPHER E 

HATCH CLOSED 

) �" VAPO RS 

- ��'----
II�!�������������� CARGO TANK � PRODUCT 

�·� �21. �����.1 F I LL P I P E  

Fi g u re 83. Bottom Load i ng Method . 

SOURCE: Environmental Protect ion Agency, Compilation of Air Pollutant Emission Factors, Supplement 7, Apr i l 1 977. 
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The use h i s to ry o f  the t r uck i s  j us t  a s  impo r ta n t  a f a c to r  i n  
load i ng losse s a s  the  me t hod o f  load in g . Hyd roca rbon emi s s ion s 
are g e neral ly l owe s t  from a truck wh ose c ompar tmen t s  a r e  f r e e  from 
vapors pr ior to l oad i n g . C l e an tanks norma l l y  r e s ul t  whe n  the pre­
v ious haul c ar r i ed a nonvol a t i l e  l iqu id , s uc h  as d ie se l  or l ig h t  
f ue l  o i l s . 

A t ruck t h a t  i s  ded i c a ted to the transpo r t  o f  o n l y  one p rod uct 
w i l l r e t a i n  a l ow but s ig n i f i c a n t  concen tra t io n  of v apo r s  in i ts 
compar tmen t s . The s e  re s i d u a l  vapors we re g e n e r a te d  by evapor a t io n  
o f  re s id ual prod u c t  o n  the tank s ur fa c e s  and ar e e x pe l l ed al ong 
wi th newly generated  vapors d ur i ng the s ubsequ e n t  load i ng 
ope r a t ion . 

Anothe r type o f  truck i s  one i n  vapo r  b a l an c e  se rv i c e . The s e  
trucks p i ck u p  vapo r s  d i s pl ac ed f rom t h e  s torage tanks be i ng f i l le d  
d ur ing unl oad i ng ope ra t ions and transpo r t  t he se vapo r s  i n  t h e  empty 
compar tme n t  tanks back to the load i ng termina l .  The s e  vapo r s  no r­
mal ly approach the s a t ur at i o n  l ev e l  o f  hyd ro carbon c o n c e n t r a t io n . 

The em i s s ions for uncontrol led spl ash l oad i ng are 1 2  pound s p e r  
1 , 0 0 0  g a l lons . For the  s ubme rged f i l l  p i pe o r  b o t t om l oad i n g , t h e  
emi ss ions a r e  red uced t o  5 pound s pe r 1 , 0 0 0 g a l l o n s . The se f a c t o r s  
apply t o  normal s e r v i c e  i n  wh i c h  t h e  tank t r u ck s  d o  no t vapor 
b al ance a t  the d e l i v e ry po ints . Wh e n  vapo r b a l anc i ng is  emp l oyed , 
the vapors d i s pl aced f rom the truck d u r i ng l oad i ng a t  the  t e rm i na l  
are control l ed by a pro c e s s i ng sys tem t h a t  red u c e s  the  em i s s i o ns to 
1 pound pe r 1 , 0 0 0  g a l l on s , or l e s s . 2 5  

Thr e e  bas i c  me thod s e x i s t  for reduc i ng emi s s ions f rom unco n­
t ro l l ed , top spl ash l oad i ng of tank t r ucks : s ubme rged load i ng a s  
d i s c u s s ed i n  t h e  preced i ng se c t io n ; vapor b a l an c i n g ; a n d  c o l l e c t io n  
and recov e ry o r  d i spo sal of  the vapo r d i sp l a c ed f r om t h e  tank truck 
d ur i ng l oad ing . The vapo r  bal anc i ng techn ique i s  o n l y  f e a s i bl e  for 
bulk pl ants wh e r e  f l oa t i ng roo f tanks are no t no rma l ly u s ed . Va po r 
re cove ry un i t s  c a n  be used a t  bo th b u l k  p l a n t s  a nd t e rm i n a l s b u t  
usua l ly are i n s ta l l ed o n l y  a t  term i n a l s  b e c a u s e  t h e  un i t s  c a n n o t  b e  
econom i c a l l y  j u s t i f ie d  f o r  the  l ower t hroughp u t  o f  t h e  b u l k  p l an t s . 

1 .  Vapor B a l an c ing At B u l k  P l a n t s  

B u l k  pl ants  a r e  t yp i c a l ly second ary d i s tr i b u t ion f ac i l i t ie s  
that rece ive g a so l i ne f r om term i nal s by tank t r uc k s , s to re i t  i n  
above-g round s torage tanks , and s ubseque n t l y  d i s p e n se i t  v i a a c­
coun t trucks to local  f a rms , b u s i n e s se s , and s e rv i c e  s ta t io n s . A 
typ i cal b u l k  pl an t h a s  a t hroughpu t  o f  4 , 0 0 0  g a l l o n s  o f  g a so l i n e  
per d ay wi th s to rag e c apac i ty o f  about 5 0 , 0 0 0 g a l l on s  o f  g a so l i n e . 
E PA d e f ine s the b u l k  pl an t  a s  hav i ng a throughpu t  o f  l e s s  than 
2 0 , 0 0 0 gal lons o f  g a so l i n e  pe r day averag ed ov e r  the wo rk d ays in  
one ye ar . 2 6  

The vapo r bal ance s y s t em operates  by t r an s f err i ng vapo r s  d i s­
placed from the r e c e iv i ng tank to the tank b e i ng u n l o ad ed . A v apo r 

3 8 1  



l ine be twe e n  the truck and the s torag e tanks e s s en t i a l l y  c re a te s  
a c l osed s y s t em p e rmi t t i ng the vapor space s o f  the t wo tanks to 
b a l an c e  w i th e a c h  o t he r . F i g u r e  8 4  s hows a typ i c a l  f l ow s cheme o f  
a vapor b a l ance sys t em . 

Vapor b a l anc i n g  w i th i ncoming tank t r u ck s  d i s p l a c e s  vapor f rom 
t he s torag e tanks to the t r uc k  c ompar tmen t s ; t he col l e c te d  vapo r s  
are recovered o r  d i s po s e d  o f  a t  t h e  termina l . E PA-spon sored te s t s  
h ave shown that  a vapo r bal anc i ng e f f i c ie ncy g re a t e r  than 9 0  per­
cent is a t ta inabl e w i th the tank trucks and s torage t a nks . 

Vapor b a l anc i ng o f  s torage tanks and account  t r ucks r e d u c e s  a c­
c oun t truck f i l l i ng lo s se s by 9 0  percent or mo re . Ba l anc ing d u r ing 
account t r uck f i l l i ng v i r t u a l ly e l imi n a t e s  w i thdrawal l o s s e s  f rom 
the s to rag e tanks , s i nce the a i r  d i spl aced f rom the t r u c k  to the 
tank i s  s a t u r a t ed o r  n e a r ly sat ura ted w i th h yd rocarbon s .  The e f­
f i c ie ncy a tt a i n abl e i n  load i ng ac coun t t r ucks i s  s trong l y  a f f e c ted 
by the t ig h t ne s s  of the t r uck compar tme n t s  ( i . e . , c o nd i t io n  o f  
hatches and s e al s ) and b y  the care e x e r c i sed i n  mak i ng conne c t io n s . 

2 .  Vapor Re cove ry/D i sposal a t  Term i n a l s 2 7  

a .  Vapor Col l e c t ion 

Th e e f f e c t iv e n e s s  of a vapo r  con trol sys tem for t ru c k  l oad i ng 
a t  a t e rm i n a l  i s  a s  d e pe nd e n t  upon the e f f i c i e n t  c ol l e c t io n  and 
transfer  of the d i spl aced vapo rs to the proc e s s i ng u n i t  as i t  i s  
upon the per formance o f  the  vapor proc e s s i n g  u n i t .  The typ i c a l  
s ys tem cons i s t s  o f  t h e  conne c t ions , p i p i ng , a nd othe r equ i pment 
n e c e s s ary to s a f e ly trans f e r  the h yd rocarbon vapo r s  f rom the  tank 
trucks  to  the  vapor pro c e s so r . Th e maj o r  sys tem c ompone n t s  are the 
top o r  bo t tom load i ng conne c t ions to the t r u ck s , the l iq u i d  knock­
out tank , the sa t u r a to r  tank , and the vapo r ho ld e r . 

Fo r top l oad ing , a vapo r head , c ompa t i b l e  wi th the  truck h a t c h  
open ing , c re a t e s  a vapo r-t i g h t  s e a l  between t h e  l oad ing h e ad and 
the hatch to m i n im i z e  vapo r  l e akage d u r ing l oad ing . An a n n ul ar 
space in  the vapor head prov i d e s  the route for the vapors f rom the  
c ompa r tm e n t  i n to the vapo r l i ne ,  the n i n to the vapo r col l e c t ion 
sys tem ( se e  F i g ur e  8 5 ) .  

In  a top t i g h t  s ubme rged f i l l  i n s t a l l a t io n , the  l oad i ng of  
p rod uct i s  pe r fo rmed through a vapor- t i g h t  l oad i ng adapter mo un ted 
on top of e a c h  compa r tmen t  and a t tached to a pe rmane n t l y  f i x ed s u b­
merged f i l l  p ipe . One ad vantag e  of t h i s  perman e n t l y  a f f i x e d  top 
t i g h t  s ubmerged f i l l  s y s t em over the top l oad i ng vapor h e ad s y s te m  
i s  tha t the  ha tch/dome cov e r s  r em a in c losed d u r i ng l oad ing . Fig u r e  
8 6  shows one o f  the s e  conf i g ur a t i ons . Vapor co l l e c t io n  w i th th i s  
i n s ta l l a t io n  use s the same te chn ique as bottom l oad i ng , wh i c h  i s  
de scr ibed be l ow . 

The top t ig h t  l oad ing sys t em i s  no t i n  w id e spread u s e  at 
term i nal s . S impl i f ied load i ng comb ined w i th vapo r  col l e c t io n  is  
general l y  ac comp l i shed us i ng bot tom load ing . 

3 8 2 



w 
CXl 
w 

TRUCK U NLOA D I N G  

VAPOR L I N E  

PRES S U R E-VA C U U M  
R E L I E F  VALVE 

G AS O L I N E  
STORAGE 

TAN K 

TRUCK LOAD I N G  

VAPOR L I N E  

PU M P  
I.! -=  = -=--:...- - = = -::.. -= -.....� - � GASO L I N E  L I N E  

'- -= = - = = = = = = � J �GAS O L I N E  L I N E  P U M P  

F ig u re 8 4 .  Vapor Ba lance Syste m a t  a B u l k  P l a nt- Bottom F i l l .  

SOURCE: Environmental P rotect ion Agency, Con trol o f  Volatile Organic Emissions from Bulk Gasoline Plants, December 1 977 . 
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F i g u re 85.  Top Load i n g  Systems with Vapor Col lection-Top Load i ng Vapor Head System .  

SOURCE: Environmental P rotection Agency, Control o f  Volatile Organic Emissions from Bulk Gasoline Plants,  December 1 977. 
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Fig u re 86. Top Load i n g  Systems with  Vapor Col lection-Top Tight  S u b merged Fi l l .  

SOURCE: Environmental P rotection Agency, Con trol o f  Volatile Organic Emissions from Bulk Gasoline Plants, December 1 977 . 
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Bo t tom load i ng i s  accompl i shed through v a l ve s i n  t h e  bot tom 
o f  e ach compar tme n t  that  are p i ped to d ry-b re ak c oupl e r s . The 
coupl ers are used to a t tach load i ng arms o r  ho s e s  to the  trucks so 
that l iquid l o s s  can be m i n im i ze d  d u r ing conne c t i ng and d i sconne c t­
ing . Fo r va po r  col l e c t ion , a f l e x i b l e  hose or s w i n g-type a rm i s  
c onnec ted to a vapo r  co l l e c t io n  man i fo ld on the truck . A t yp i c a l  
bot tom load i ng sys t em i s  shown i n  F i g ur e  8 7 .  

Fig u re 87 .  Typical  Bottom Load i n g  System with Vapor Col l ect i o n .  

NOTE: Actual physical connections for load ing and removing vapors are s ide-by-side. 

.,.._ PRODUCT 
SUPPLY 

SOURCE: Environmental P rotect ion Agency, Control of Vola tile Organic Emissions from Bulk Gasoline Plants, December  1 977. 

Dur i ng t h e  bot tom load i ng opera t io n , an i n t e r n a l  v a l v e  i s  
opened t o  a l low prod u c t  f l ow ,  and tank v e n t  val v e s  o n  t o p  o f  the 
t ruck are opened to p e rmi t the  e x i t  o f  vapo r s  t h a t  are d i s p l aced by 
the incom i ng prod u c t . The vent  v a l v e s  are hood ed and u s ua l ly c on­
nec ted to the t ru ck overt urn ra i l  that  then s erve s as t h e  vapo r  
man i fo l d . Th e man i fo l d  i s  connec ted to the tank t ru c k  v apo r l i n e , 
wh ich term i n a t e s  a t  a connec to r  on the s id e  or a t  t h e  r e a r  o f  the  
t ruck and i s  compa t i b l e  wi th the term i n a l  vapo r c o l l e c t io n  equ i p­
men t . De ta i l s  o f  the  top o f  a truck compar tme n t  are shown i n  
Fig ur e  8 8 .  
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Fig u re 88.  Deta i l s  of the Top of a Truck Com partment. 

SOURCE: Environmental Protection Agency, Control of Volatile Organic Emissions from Bulk Gasoline Plants, Dece mber 1 977. 

In order to me a s ur e  the qua n t i ty o f  g a so l i n e  d e l i v e r ed d u r ing 
bo t tom l o ad i ng and to p rov id e pro te c t ion a g a i n s t  over f i l l i n g , se t­
s top me te r s  are used to shut o f f  the f l ow of g a so l i n e  wh e n  a pr e­
set quan t i ty has been d e l ivered . Liq u i d - l e v e l  s en s i ng d e v i c e s  ar e 
commonly used w i th pr e- s e t  me ters to prov i d e  se cond a ry c o n trol in  
even t o f  a ma l f un c t i o n  o r  h uman e r ro r . The s e n so r s are  d e v i ce s  
used to d e t e c t  a f u l l cond i t ion i n  the compar tm e n t  b e i ng l oad ed . 
They are e l e c tr i c a l l y  connec ted to close  f l ow con t r o l  v a l ve s o r  
s hu t  o f f  the d e l i v e ry p umps i f  the l e v e l  approache s t h e  top o f  the  
tank , wh ich e l imina t e s  the  po s s i b i l i t y  o f  ove r f i l l i n g  the  compar t­
men t . Commonly u se d  s e n s i ng dev i c e s  i n c l ud e  f i b e r  opt i c s  sys tems , 
e l e c tr ic probe s ,  and f l o a t  swi tche s .  

Thr e e  o t h e r  c ompo n e n t s  may be i nc l ud ed i n  some vapo r  c o l l e c t ion 
s ys tems b e twe e n  the l o ad i ng r acks and the proce s so r : the l iqu id 
knockout t a nk , the s a t ura tor tank , and the vapor h o ld e r . 
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The l iqu id knoc ko u t  tank r emove s l i qu id g a so l i ne f rom the vapor 
l ine be twe e n  the load i ng rack and the proc e s so r  and s to re s  i t  for 
s ubseque n t  recovery o r  d i spo sa l . Liqu id c an e n t e r  t h e  vapor l in e  
d ue to acc i d e n t a l  ove r f i l l ing or can f o rm i n  the l i ne und e r  c e r ta i n  
amb i e n t  cond i t ions . 

Sat ura tor tanks conta i n  g a so l ine s pr ays to r a i se t h e  vapo r  co n­
c en trat i o n  above the explos ive r ang e . Sa t u r a t i o n  spr ay ing is a l so 
used i n  conj unc t ion w i t h  vapor hold e r s  and a s  a f i r s t  s tage i n  some 
v apo r proc e s s ing sys tems . 

Va po r hold e r s  s to re the a i r/vapo r m i x ture g e n e rated a t  the 
load i ng racks un t i l  some pr e-set capac i ty i s  r e a c he d , and then they 
release it to the vapo r  pro c e s so r . Th us , f l uc tua t io n s  i n  the vapo r  
vol ume are m i n im i zed , t h e  vapors are proce s s ed o n  a b a t c h  b a s i s  
r ather than run n i ng t h e  proc e s so r  cont i n uo u s l y , a nd t h e  pro c e s so r  
c a n  b e  s i zed for l e s s  than peak truck-load i ng pe r i od s . Gen e r a l ly , 
a vapo r  ho l d e r  cons i s t s  o f  a large tank conta i n ing a f l ex i b l e  b l ad ­
d e r  tha t i s  equipped w i th a l ev e l  s en so r . S a t u ra tor t a n k s  a n d  
vapo r hold e r s  are not used wi th a l l  type s o f  vapo r proc e s s i ng 
un i t s . 

b .  Vapor P roces s i ng 

The vapor proc e s s ing un i t  can e i th e r  recove r or d e s troy the 
hyd ro carbon vapo r s  rou ted to the un i t  f rom the tank trucks v i a  the 
vapor co l l e c t ion sys tem . The s i x ba s i c typ e s  o f  u n i t s  c ur re n t l y  
i n  use  i n  t h e  Un i ted S t a t e s  are : the rmal o x i d a t i on , c ar bo n  ad ­
sorpt ion , re fr igerat ion , compre ss io n-re f r i g er a t io n-absorp t ion , 
c ompr e s s ion- r e f r ig e ra t i on-c onde n s a t ion , and l e an o i l  absorpt i o n . 
The rmal o x idat ion , o r  inc i nerat ion , i s  the on l y  approach that 
d e s t roys the col l e c te d  vapo rs . The o the r s  a l l  recove r the 
g a so l ine vapors a s  l i q u i d  gasol ine . 

The control e f f i c ie ncy o f  the c ur r e n t l y  marke ted un i t s  h a s  been 
shown to be above 9 0  p e r c e n t . Howe ve r ,  t h e  e nv i ro nme n t a l  r e g u l a­
t ions u s u a l l y  s ta t e  the performance requ i reme n t s  i n  t erms o f  th e 
amount of  hyd rocarbon vapo r  that can be em i tted from the sys t em p e r  
un i t  o f  vol ume o f  prod u c t  load e d . Spec i f i c a l ly , the E PA max imum 
a l lowa b l e  em i s s ion from a term i na l  un i t  i s  8 0  m i l l i g rams o f  hyd ro­
carbon per l i te r  of  g a so l ine loaded . I n  Dec embe r 1 9 8 0 ,  E PA pro­
posed tha t new o r  mod i f i ed term i n al s  m e e t  a l owe r l im i t  of 3 5  
m i l l igrams pe r l i te r  ( mg / 1 ) .  The s e  N S P S  are u nd e r  re v ie w  by E PA 
and have not bee n i s s ue d . LAER l im i ts have b e e n  s e t  a t  3 0  mg/ 1 . 

The carbon ad sorp t io n  and r e f r igerat ion concepts a r e  r e l a t i v e l y  
n e w  f o r  term in a l  u n i t s , h av i ng b e e n  p u t  i n to opera t io n  s i nc e 1 9 7 4 . 
The o th e r  type s have b e e n  used at te rmi nal s and a t  o th e r  po i n t s  i n  
t h e  pe tro l e um i n d u s t ry and e l sewhere for many ye ar s . De s c r i p t ion s 
and sc hema t i c  d i ag rams o f  each o f  the ba s i c  type s o f  v apo r 
proce ss ing un i t s  are pre s e n ted on the f o l lowing page s . 
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( i )  The rma l O x id a t ion 

The the rmal ox i d a t ion control un i t  r e l i e s  on burn i ng the vapo r  
( us i ng a p i l o t  f l ame ) t o  prod u c e  nonpo l l u t i ng combu s t io n  prod u c ts . 
In t h i s  sys t em no g a so l i ne i s  recovere d . 

Vapor s  f rom the load i ng racks are p iped e i th e r  to a vapo r  
holder o r  d i re c tl y  t o  the ox id i z e r  un i t . Wh en a vapo r  ho l d e r  i s  
used , opera t io n  o f  t h e  o x i d i z e r  beg ins whe n  the hold e r  reache s a 
pre- s e t  l eve l , a nd e n d s  whe n  the ho l d e r  i s  empty . Wi th no vapo r 
hold e r  i n  the s y s t em , the ox i d i z e r  i s  energ i zed by me a n s  o f  pre s ­
s ur e  in  a vapo r  l i ne ,  i nd i c a t i ng tha t tank truck l oad ing i s  i n  
prog re ss , o r  b y  an e l e c t r i c a l  s ignal  prod uced by a man u a l  ac t i v a­
t ion a t  the load i ng rack . In some case s propane i s  i n j ec ted i n to 
the vapor s tr e am to keep the h yd roc arbon conce n tra t io n  l e v e l a bov e 
the expl o s ive rang e . 

Ot he r equ i pmen t i n c l ud ed i n  thermal ox i d a t i o n  sys tems a r e  f l ame 
arre s tors to pre ve n t  f l ashback f rom the un i t  to t h e  load i ng area , 
and i n  some l a t e r  mod e l s  a n  i so l a t i ng va lve to pr ev e n t  vapo r f l ow 
und e r  l ow-pr e s s ure cond i t ion s . F i g ur e  8 9  shows a s impl i f ied 
s ch ema t i c  d i ag ram o f  a thermal ox i d a t io n  sys t em . 

The rmal o x id a t io n  un i t s  h ave the ad van tag e s  o f  l ow c ap i ta l  
cos t , s impl i c i ty o f  d e s ig n , and h igh proce s s i ng e f f i c i ency . A 
d i sad van tag e i s  tha t they d o  no t r e cover g a so l i n e  vapo rs a s  l iq u i d  
prod uc t . 
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Fig u re 89 . Schematic D iagram of a Thermal Oxidati on  System .  
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SOURCE: Environmental Protection Agency, Background Information Document for the New Source Performance Standards, 
December 1 980. 
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Some r e c e n t l y  d ev e l oped con t ro l  sys t ems con s i s t  o f  a cornpre s­
s ion- a f tercoo l e r  stage to recov e r  mo s t  of t he d i spl aced vapo rs as 
l iqu id gasol ine , fol l owed by a thermal o x i d a t ion s tage to reduce  
hyd ro carbon em i s s ions  to the  req u i red lev e l . Th e s e  sys tems prov i d e  
o n e  op t ion f o r  recove r i ng some prod uc t wh i l e  a c h i e v ing the  h ig h  
control e f f i c iency o f  the  therma l ox id a t ion approac h . 

( i i )  Ca rbon Ad sorp t io n  

Th e carbon ad s o rp t io n  vapo r  recov e ry s ys tem u s e s  beds  o f  a c t i ­
va ted ca rbon t o  r emove t h e  h yd rocarbon s f rom t h e  a i r/vapor m i x t ur e  
col l ec ted f rom t he t r u c k  l oad i ng ope r a t io n . Th e s e  un i ts g e n e r al ly 
cons i s t  o f  two ver t ic a l ly po s i t ioned c arbon beds a nd a c a rbon r e­
g enerat ion system . Dur ing g a so l i ne tank truck l oad i ng ac t iv i ty ,  
one c a rbon bed i s  i n  the ad sorb i ng mod e wh i l e  t h e  o t h e r  bed i s  
b e ing reg e n e r a ted . Va po rs f rom the l oad i ng racks e n t e r  the base o f  
one o f  the ad so rp t io n  col umn s and are ad sorbed on to the  a c t iva ted 
c arbon as the g a s e s  asc end . Ad so rp t io n  in one c arbon bed o c c u r s  
for a spec i f i c t imed cyc l e  be fore s w i tchover t o  r e g e n e r a t io n  ( d e ­
sorpt ion ) occur s .  The nearly s a t ur a ted c arbon bed i s  the n s ub­
j ec ted to va c u um , s te am ,  or the rma l regenera t io n , o r  a c omb i n a t io n  
o f  the se me thod s , and the hyd ro carbons are s t r i pped f rom the bed . 
Va cu um-regenera ted un i t s  recover the h yd ro c arbon s by abso rp t ion i n  
a g a so l i n e  s tr e am wh i ch c i rc u l ate s be twe e n  the control  un i t  and 
gaso l ine s to r ag e . The a i r and any r ema i n i ng h yd ro c a rbons e x i t in g  
f rom the absorber a r e  pa s sed ag a in throug h t h e  ad sorb i ng bed , a nd 
are then e xhaus ted to the  a tmosphere .  S te arn r e g e n e r a ted un i t s  
cond e n s e  the hyd rocarbon/wa ter m i x t ur e , wh i c h  r e s ul t s  from s te am 
s tr ipp i ng the c arbon bed , and r e t urn the separa ted p rod uc t to 
s torag e . Some vac u um regenerated sys tems r ema i n  i n  the reg enera­
t io n  mod e for up to t wo hours a f te r  load i ng ac t iv i ty c e a se s , i n  
o rd e r  to remove any r e s i d u a l  vapors i n  the sys t em a nd to a s s ur e  
comple te regenera t io n  o f  t h e  c arbon bed s . F i g ur e  9 0  shows a 
s impl i f i ed sc hema t i c  d i ag ram of an a c t ivated carbon ad so rpt i o n  
sys tem . 

( i i i ) Re f r i g e r a t ion 

Re fr ig e r a t ion- t ype r ecov e ry un i t s  r emove the  hyd rocarbons from 
the a i r/vapo r  m i x t ur e  by l ow-temperature re f r i g e r a t ion a t  a tmo s ­
phe r i c pr e s s ur e . Va po r d i spl aced from tank t r ucks e n te r s  a 
cond e n s e r  s e c t ion whe r e  the temperat ure i s  b e l ow the  d ew po i n t  o f  
g a so l i ne . The hyd ro c arbons are cond e nsed and col l e c ted , wh i l e  
wa ter vapor f re e ze s  o n  the cond e n s e r  t ube s . Dur ing the  d e f ros t 
cyc l e , the  i c e  me l t s and the wa ter i s  col l e c ted w i th the g a so l ine . 
The gasol ine i s  then  d e c an ted and r e t urned to s torage or i s  i n­
j e c ted i n to a truck l oad ing l i ne . 

On many r e f r i g e r a t ion un i t s the d e f r o s t  cyc l e  i s  pe r fo rmed d u r­
ing periods  o f  no l oad i ng a c t i v i ty s i nce the un i t  c an no t co l l ec t  
hyd rocarbons d u r ing the d e f ro s t  cyc l e . Some u n i ts , howe v e r , c on­
ta i n  a double  se t of h e a t  re cove ry and l ow-temp e r a t u r e  co i l s  ove r 
wh i c h  the vapo r  i s  a l t e r n a t e l y  passed . Newe r r e f r ig e ra t i o n  un i t s  
d i re c t l y  re f r igerate  t h e  cond e n s e r  co i l  col l e c t ion s ur f ac e s , t h u s  
e l im i n a t i ng t h e  ch i l l ed br ine . F i g ure 9 1  s hows a s imp l i f i e d  
schema t i c  d i ag r am o f  the  re f r i g e r a t ion sys tem . 
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Fig u re 90.  Schematic D iagram of a Carbon Adso rpti on System . 

SOURCE: Environmental P rotect ion Agency, Background Information Document for the New Source Performance Standards, 
December 1 980. 
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( i v )  Compr e s s ion-Re f r ige r a t ion-Absorp t i on 

In a compre ss io n-re f r igera t io n-absorp t io n  vapor recovery un i t , 
the vapo rs from the load i ng racks are f i r s t  passed through a s a t ur­
a tor that s pr ays l i qu id g a s o l ine i n to the a i r/vapor s tr e am . Th e 
sa tur a ted vapo r m i x t ur e  i s  s to red in  a vapo r  ho l d e r  un t i l , a t  a 
pr e-se t l e ve l , i t  i s  re l e a s ed to the con trol u n i t .  

The f i r s t  s t age o f  proc e s s i ng i s  a compre s s io n-re f r i g e r a t ion 
cyc l e  in  wh i ch wa ter and heavy vapors are comp r e s s ed , c oo l e d , a nd 
cond ensed . The uncond e n s e d  vapor s move i n to an absorber col umn , 
whe re they are contac ted and absorbed by g aso l i n e  ( 4 °C o r  3 9 ° F )  
that has b e e n  ch i l l ed by the  re f r i g e r a t ion u n i t .  The ope ra t io n  o f  
the vapo r recove ry un i t  i s  i n te rmi t te n t ,  s ta r t i ng when the vapo r  
holder i s  f i l l ed and s topp ing when i t  h a s  empt i e d . C l e an e d  g a se s 
are vented f rom the absorber col umn to a tmo sph e r e . A s impl i f i ed 
schema t i c  d i ag r am o f  a typ i c a l  compre s s io n-re f r i g e ra t io n-absorp t io n  
sys tem i s  shown i n  F ig ur e  9 2 .  

( v )  Compre s s ion-Re f r i g e r a t i on-Cond e n s a t i o n  

A vapo r re covery s ys tem employ ing a compr e s s ion-r e f r ig e r a t i on­
cond ensa t ion un i t  a l so make s use of a vapo r  hold e r  to s to re a c­
cumu l a ted a i r/vapo r m i x ture , and a s a t ur ator f o r  e n s ur ing tha t the  
vapor conce n t r a t ion i s  above the explos ive r a ng e . The  un i t  is  
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Fig u re 92. Schemat ic  D iagram of a Com press ion-Refrigeration-Absorption System . 

SOURCE: Environmental P rotection Agency, Background Information Document for the New Source Performance Standards, 
December 1 980. 
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act iva ted and beg i n s  proc e s s i ng vapors wh en the vapo r hol d e r  h a s  
f i l l ed t o  a pr e-s e t  l eve l . 

Incomi n g  s a t urated a i r/vapo r  m i x t ure i s  f i r s t  compre s se d  i n  a 
two- s tag e comp r e s s o r  wi th an in te rcool e r . Cond e n s a te i s  w i thd r awn 
from the i n tercoo l e r  to f ur th e r  compre s s  the a i r/vapor m i x t u r e  i n  
the se cond s tage . The comp r e s sed vapo rs then p a s s  through a 
re fr igerat io n-cond e n s e r  sec t io n  whe re they are r e t urned w i th the 
i ntercoo l e r  cond en sa te to a g a so l ine s to rag e tank . Cl e an e d  g a ?e s  
are exhaus ted f rom the  top o f  the cond e n se r .  F i g ur e  9 3  shows a 
s impl i f ied schema t i c  d i ag ram o f  a compr e s s ion-re f r ig er a t ion­
cond e n s a t ion sys t em . 
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Fig u re 93. Schematic D iagram of a Compression-Refrigerat ion-Condensation System . 

SOURCE: Environmental P rotection Agency, Background Information Document for the New Source Performance Standards, 
December 1 980. 

( v i ) Lean O i l  Absorpt ion 

Th e l ea n  o i l  abso rpt i o n  un i t  r e l i e s  on the absorp t i o n  of the 
vapors in a l e a n  o i l  tha t may be a midd l e  d i s t i l l a t e , o r  g a s o l i n e  
f rom wh i ch t h e  l ig h t  compo nen ts have b e e n  prev i o u s l y  r emov e d . In 
th i s  u n i t ,  vapo r s  e n te r  the  b a s e  of an absorbe r  col umn and c r e a t e  a 
pre s s ur e  d i f f e re n t i a l  acro s s  an o r i f i ce moun ted a t  the i nl e t . The 
d i f f e re n t i a l  c r e a te s a s ig n a l  propo r t ional to t h e  vapo r f l ow r a t e , 
wh i c h  s tar ts a l ean o i l  pump a nd contro l s  the amo u n t  o f  l ean o i l  
pumped to the co l umn . Cool ed l e a n  o i l  absorbs h yd roc arbon vapor s 
i n  the packed absorber co l umn . In one type o f  un i t  the e n r iched 
gasol i n e  ( used l e a n  o i l ) is  r e t urned d i re c t ly to a g a so l ine s to r ag e  
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tank . Anothe r l e a n  o i l  absorpt ion un i t  u s e s  h e a t  and r e d u c e d  p r e s­
s ure to regenerate and r e-use the l e a n  o i l ,  r e t urn i ng the r e covere d 
g a so l i ne to s torag e . Cl eaned a i r/vapo r  m i x t ur e  i s  e x ha u s te d  f rom 
the l e an o i l  abso rp t io n  control un i t  to a tmosphere . 

Le an o i l  for one type o f  un i t  i s  p rod uced i nd e p e nd e n t ly by 
h e a t i ng g a so l i ne in  order to evaporate o f f t he l ig h t  e nd s . Th i s  
lean o i l  i s  then  cool ed and s tored i n  an i ns u l a ted tank . F i g ur e  9 4  
shows a s impl i f ied sc hema t i c  d i agram o f  th i s  type o f  l e an o i l  
absorpt ion sys t em . 
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LEAN O I L  PRODUCTION 
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M IXTU RE <l: 

L I G HT E N DS 
TO STORAGE 

RECOVER ED 
PRODUCT 

Fig u re 94. Schematic D iagram of a Lean O i l  Absorpt ion System . 

SOURCE: Environmental Protection Agency, Background Information Document for the New Source Performance Standards, 
December 1 980. 

Th e l e a n  o i l  abso rp t ion un i t  i s  not i n  w id e s pread u s e  a t  
te rm i n al s ,  and o i l  compa n i e s  have ind i c a ted a tend ency toward re­
plac i ng these un i t s  with other type s of con trol sys tems . Ge ne r­
a l ly , unsa t i s fac tory p e r formance has be en g i v e n  as the reason fo r 
the chang e . Howeve r ,  n e we r  d e s igns have r e c e n t l y  b e e n  marke ted and 
may prove to be s a t i s f a c tory . 

B .  Tank e r  and Barge Em i s s i ons 

Hyd rocarbon em i s s io n s  are g e nera ted at ma r i ne t e rm in a l s when 
pe t ro l e um l iq u i d s  are e i th e r  loaded o n to or u n l o ad e d  f rom s h ips and 
barge s .  Lo ad ing em i s s ions res u l t  from the d i sp l acem e n t  to the a t­
mosphere o f  h yd roca rbon vapo r s  by the c r ud e  o i l  o r  re f i n e d  prod uc t 
b e i ng loaded i n to the ve s s e l  tanks . Ba l l a s t ing em i s s ions a r e  the 
hyd rocarbon vapo r s  d i s p l aced d u r ing bal l a s t i ng ope r a t i o n s  at the 
unl oad i ng dock f o l l ow i ng the d e l ivery of the c argo . 
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Two d i s t in c t  sou r c e s  c on t r i b u te to the to t a l  load i n g  em i s s i o n s . 
The emi s s i o n s  d ur i ng the  e ar ly s tage s o f  l oad i ng a r e  compos e d  pr i ­
mar i ly o f  v apo r pre s e n t  i n  the tank pr io r  t o  l oad ing , o r i g i n a t i n g  
f rom e va pora t io n  o f  the previous  c a rg o . Th i s  i s  c a l l ed the  a r r i va l 
c omponen t . In add i t io n , h yd roc arbon vapo r i s  f o rmed by e v apo r a t i o n  
o f  t h e  c argo be i ng l oade d . Th i s  i s  c a l l ed t h e  g en e r a ted compon e n t . 

B a l l a s t i ng emi s s ions occur  when an emp ty tanke r o r  ocean b arge 
take s on bal l a s t  wa t e r  be fore l e av ing por t , to ma i n ta i n  t r im and 
s t ab i l i ty o n  the s ubsequent  voyag e . ( Inl and wa te rwa y  barg e s  do no t 
take on bal l a s t  wa t e r . )  The se bal l a s t i ng em i s s i o n s  cons i s t  o f  the  
vapor pre s e n t  i n  the  u l l ag e  space o f  a compar tme n t  a t  the  s ta r t  o f  
unl oad ing toge th e r  w i th the add i t ional vapors t h a t  are cre ated whe n  
the a i r  d rawn i n to the empty ing tank absorbs h yd rocarbons e v apo ra t­
i ng f rom the  l iqu i d  s ur f ac e . ( Ul l ag e  i s  space b e t we e n  t h e  c a rg o  
s ur face and the und e rs i d e  o f  the d e ck . ) The hyd rocarbo n  c o nc e n tr a­
t io n  o f  the  vapor i n  the  u l l ag e  space be fore unload i ng i s  d i re c t l y  
r e l a ted t o  the ul lage  pr i o r  to d i sc harge and t o  t h e  vol a t i l i ty o f  
the c argo t o  b e  d i scharged . The vapor g e n e ra t ed d ur i ng and a f te r  
unl oad i ng depe nd s  ch i e f l y  o n  the vol a t i l i ty . 

Hyd rocarbon vapo rs can a l so b e  c r e a te d  by c rud e o i l wa sh i ng o f  
cargo tanks d ur i ng u nload i n g . As the c argo tank i s  emp t i e d , i n e r t  
g as i s  i n trod u c ed . The i n e r t  g a s  and hyd rocarbon vapo r s  wi l l  be 
s ubseque n t l y  r e l e a s ed to the a tmosphere i f  they are no t con t ro l l e d  
d u r i ng bal l a s t i ng . Em i s s io n s  a s soc i a ted w i th c rud e o i l  wa s h i ng and 
s ubseque n t  b a l l a s t i ng h ave no t been s t ud i ed s u f f ic i e n t l y  to be 
qua n t i f i ed . 

A 1 9 8 1  Ame r i c an Pe tr o l e um I n s t i tute ( AP I ) d oc ume n t ,  " Atmo s­
pher i c  Emi s s io n s  f rom Mar i n e  Ve s se l  Tran s f e r  Ope r a t ions , "  pre sent s 
corre l at ions and f a c to rs to e s t imate the to tal hyd roc arbon vapo r  
em i s s ions re s ul t i ng f rom three d i f fe r en t mar i n e  ve s s e l  ope ra t ion s : 
the load i ng of  g a so l i n e  i n to tanke r s  and barge s ;  t he l oad i ng o f  
c r ud e  o i l i n to tanker s ;  a nd the b a l l a s t i ng o f  c r ud e  o i l  t anker s . 
The proc ed u r e s are no t appl i c ab l e  for e s t im a t i ng l oad i ng o r  b a l ­
las t i ng emi s s ions  f rom VLC Cs or from ve s se l s  t h a t  employ c r ud e  o i l 
wash i ng , a nd the b u l l e t i n  d o e s  no t add re ss c r ud e  o i l  l oad i ng i n to 
barge s ,  g a so l ine tanke r b a l l a s t ing , or i n-tran s i t  l o s se s .  Typ i ca l  
ove ral l f a c to r s  and equa t ions f o r  cal cu l a t i ng em i s s io n s  a r e  con­
ta i n ed in  the A P I d o c umen t .  

Reg u l a to ry agenc i e s  h ave per iod i c a l l y  propo s e d  mea s ure s for r e ­
d uc ing mar in e  ve s s e l  em i s s ions  i n  po r t , i nc l ud i ng the u s e  o f  v apo r 
proce s s i ng equ i pmen t  and the appl i c a t io n  o f  a l t e rn a t i v e  l o ad i ng 
me thod s . To d a te , n e i the r spe c i f ic hardwa r e  nor proced u r e s  have 
be en d ev e l oped , and the i r  f e a s i b i l i ty r ema i n s  que s t ionabl e .  

Vapor r e covery wo u l d  capt ure the h yd ro c arbon vapo r s  d i s p l ac ed 
dur ing load ing and d u r ing dock-s i d e  bal l a s t i ng to c onve r t  the  
vapors i n to pe trole um l iqu id by me an s o f  r e f r i g e r a t io n , absorp t ion , 
adsorp t io n , and/or compr e s s io n , o r  d i spo se o f  the vapo r s  by 
inc inerat ion . ( Th e s e  s y s tems are de s c r ibed in the  d i s c u s s io n  on 
tank truck em i s s i o n  con tro l i n  th i s  chapter . )  Fo r ma r i ne ope ra­
t ions , howeve r , th i s  con t ro l  approach has s e v e r a l  d i s advan tage s : 
c os t , add ed s a fe ty r i sk , v e s s e l  re t ro f i t  probl ems , a nd red uced d ock 
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space . E PA has  i n i t i a ted a d emon s tr a t ion s t ud y  to f ur t h e r  i nve s t i ­
g a te these fac tors d u r ing g a so l i n e  l oad i ng o f  i n l and wa te rway 
barge s . 

Several  opera t ion a l  con trol techn i q ue s have b e e n  con s i d ered 
a s  al terna t i v e s  to the use o f  vapo r  con trol s ys tems . Th e se ap­
proache s i nc l ud e  s eg re g a ted b a l l a s t ing , tank c l e an in g , s lo w  load­
i ng ,  sho r t  l oad ing , a nd the · rou t i ng o f  vapo r s  i n to tanks t h a t  are 
be i ng emp t ied . The s e  me t hod s are , o f  cours e , in  add i t io n  to the  
w i d e l y  pr ac t i c ed techn ique o f  bottom load ing . 

Segrega t ed b a l l a s t i ng b e came a req u i reme n t , e x cep t wh e r e  crude 
oil  wash i ng is  autho r i z ed , as  of  June 1 9 8 1  f o r  new t a nk e r s  u s i ng 
U . S .  port s , wi th l a t e r  e f fe c t i ve d a t e s  for re t ro f i t t i ng e x i s t i ng 
tankers . Th i s  r eg u la t ion e l iminates  b a l l a s t i ng em i s s i ons f rom 
t ankers and ocean b a rg e s  b u t  red uces  the c a rg o  capac i ty o f  the 
ves s el b y  approx i ma t e l y  3 0  percent . 

Tank c l ean i ng , i f  pract i c a l , wou ld r e d u c e  onl y  s l i g h t l y  th e 
a r r i val component  o f  the l oad i ng em i s s ions . S l ow l oad i ng wou l d  
appe ar t o  b e  an e f f e c t i ve te chn ique , b u t  i nves t ig a t ions  t o  d a te 
have not shown th a t  any appr e c i ab le em i s s i on r ed u c t ions wou l d  b e  
real i z ed b y  s l ow i ng t h e  typ i c a l  ex i s t i ng load i ng r a t e s . T h e  short 
l oad i ng approach is  cons ide red to b e  i mprac t i c a l  f r om b oth ope ra­
t ional a nd cos t s ta nd po i n ts a nd may a c t u a l l y  i nc re a s e  em i s s i on s . 

1 .  Reg u l a tory C ons i d e ra t ions 

The C lean A i r  Ac t does not add r e s s  the reg u la t i on of a i r  
emi s s ions from ma r i ne ve s se l s . As a r e s u l t ,  t h i s  i s s u e  i s  b e i ng 
add re s s ed b y  s ta t e s  a nd local i t i es . I f  non- u n i f o rm requ i reme n ts 
res u l t , t hey cou l d  i mpo s e  a b urden on i n ters t a t e  a nd f o re i g n  
ma r i t ime commerce . 

Mar i ne transpo r t a t i on i s  i n t e r s t a t e  and f ore i g n  i n  s cope , i n­
vol v i ng both U . S .  and fore i g n  f l ag ve s se l s . I n  re cog n i t i on of  the  
i nt e rna t ional n a t u re of  merchant sh ipp i ng , t h e  mar i t ime nat ions of  
the wor l d  have v igorou s l y  opposed t h e  un i l a te ra l  r eg u l a t ion of  
vesse l s . Cong r e s s  h a s  acknow l edged th i s  conce rn a nd has g e ne r a l l y  
s tructu red laws i n  ac cord ance w i th i nt e rnat ional  ag r e eme n t s . Con­
s i s t e n t  w i th th i s  po l i cy o f  i n t e rnat ional  coope r a t ion , C ong re s s  i n  
gene ral h as a l s o  a t t emp ted t o  as sure reg u l a to ry u n i f o rm i ty i n  ma r i ­
t ime ma t t e rs w i th i n  t h e  U n i t ed S tates . A s  a consequenc e , s tate  a nd 
local act ions w i t h  r e s pe ct to ve s s e l s  have b e e n  l a rg e l y  pre c l uded 
d ue to ove rr i d i ng fede ral  j u r i s d i ct ion . Howeve r ,  ve s s e l  a tmos­
pheric  emi s s ions have not b e e n  c learly addres sed by C o ng re s s . 

The C l e a n  A i r  Ac t and i t s ame ndme n t s  recog n i z e t h e  d i f f e re nc e s  
b e tween s t a t ionary a nd mob i l e  source emi s s ions  and spec i f i c a l l y 
account for these d i f fe re nces i n  the c a s e  of  a i r c ra f t . T i t l e  I I  of  
the Ac t g i ves j u r i s d i c t ion to th e federal  g ove rnme n t  in  the  reg­
u l a t i ng of a i r c ra f t and s pe c i f i c a l ly proh ib i t s s ta te s  o r  local 
au thor i t i e s  f rom d e ve l op i ng reg u lat ions i ncons i s te n t  w i th those 
deve l oped at the fed e r a l  leve l . Ma r i ne ve s se l s , howeve r , wh i c h  are 
c learly a mob i le source a nd s im i la r  to a i rc ra f t  in  the  i n t e r s t a te 
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a nd fore i g n  nature of the i r  trad e , are not spe c i f i c a l l y  add r e s s e d  
in  T i t le I I . Th i s  e x c l u s ion o f  ma r i ne ve s s e l s  h a s  c r e a t e d  u n c e r­
t a i nty among t h e  s ta te s , local  au tho r i t i e s , a nd t h e  fed e ra l  E PA as 
to who h a s  the au t hor i ty to control ves s e l  s tack a nd ve n t  em i s­
s ions . 

Th i s  u n c e r t a i n ty ove r autho r i ty has  re c e n t l y  l e d  t o  nume rous 
and conf l i c t i ng ve s s e l  emi s s ion reg u l a tory propos a l s  i s s u e d  by 
various s t a te s  a nd l o c a l  au thor i t i es . S hou l d  t h i s  unce r t a i n ty 
con ti n ue , d i sr u p t i ve r eg u l a to ry mechan i sms w i l l be c re a te d  and 
s e r ious re s tr i c t ions wo uld be imposed o n  mar i t ime c omme rce . 

Furthe r , the f ea s i b i l i ty o f  s a fe l y  comp l y i ng w i th r e g u l a t ions 
d eve l oped un i l ater al l y  by s ta te and local autho r i t i e s  i s  a maj o r  
concern . Sa fe transpor tat ion o f  c a rg o , i nc l ud i ng c r ud e  o i l  o r  
petro l e um prod u c t s , c an be e n s ur ed only by r ig id ad h e r e n c e  to 
c are f ul l y  d eve l oped d e s ign and equ i pmen t  spe c i f i ca t io n s  a nd op­
e r a t i ng proced u r e s . Th i s  i n  tur n r eq u i r e s  a c oope r a t iv e  e f fo r t  
among a l l  s eg me n t s  o f  the  mar i t ime ind u s t ry , the  I n te rgovernme n ta l  
Mar i t ime Co n s u l t a t i v e  Org a n i z a t i o n  ( IM CO ) , a branch o f  the Un i te d  
Na t ion s , a n d  the  u.s. Coas t Guard , wh i c h  i s  r e s pon s i b l e  for s a f e  
o pe rat ion o f  ve sse l s  i n  u.s. wa te r s . Th i s  coope r a t i v e  e f fo rt i s  
e s s e n t i a l  t o  ens ure t h a t  ve s s e l  equ i pmen t and opera t i ng proc e d u re s  
are compa t i b l e  o n  a n a t ional and i n te rnat ional ba s i s . 

Th e r e spe c t iv e  r e spons i b i l i t i e s  o f  the  s ta te s ,  l oc al a u t h o r i ­
t ie s , E PA ,  and the  Coa s t  Guard w i t h  rega rd to mar i n e  v e s s e l  a i r  
emi ss i o n s  sho u l d  be c l ar i f i e d . The fo l l ow i ng j ur i sd i c t io n a l  i s s ue s  
need to b e  addre s se d . 

• Pr e-emp t io n  o f  s ta te and local  reg u l a t ions gove r n i ng mar i ne 
v e s s e l  a i r  em i s s ions 

• Co ns i s te ncy wi th i n te r n a t i onal mar ine v e s s e l  a ir em i s s i o n  
s tand ar d s  

• Coord ina t ion w i th the  Coa s t  Guard o n  ope r a t ional  pra c t i c e s  
and equ i pmen t  r eq u i red t o  comp l y  wi th f e d e r a l  reg u l a t ions 
fo r mar ine emi s s ion con t ro l . 

In add i t io n , t h e  n e ed to con trol mar i n e  em i s s io n s  and the  s a fe 
appl i c a t i o n  of the se contro l s  m u s t  be d emon s tr a ted p r i o r  to the 
d evelopme n t  of reg u l a t ion s . St ud i e s  sho uld be cond uc ted to d e te r­
m ine the e x t e n t  to wh i c h  v e s s e l  em i s s ions a f fe c t a ir qua l i ty a nd 
the co s t  e f f e c t ivene s s  o f  s a f e l y  con trol l i ng ve s s e l  e m i s s i o n s  r e ­
l at ive to contro l l i ng s im i l ar em i s s ions f rom other  so u rc e s . Th e se 
s t ud i e s  mu s t  add re s s  the technolog i c a l  feas i b i l i ty o f  s a f e l y  co n­
t ro l l i ng em i s s io n s , spec i f i c al ly the unreso lved s a fe ty i s s ue s that  
e x i s t  i n  the  appl i c a t io n  of  h yd roc arbon vapo r control  t e ch nology to  
mar ine ope r a t i on s . 

V .  Marke t i n g  Emi s s ions 

For the purpo s e s  o f  th i s  r e po r t , t he marke t i ng s e g me n t  of  the 
pe trole um ind u s t ry i s  d e f ined a s  those ope ra t ion s i nvol v i ng the  
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d el ivery o f  r e f i n ed prod uc ts from term i n a l s  and b u l k  p l ants  to 
service s ta t ion s a nd cons ume r accounts s uch a s  b u s i ne s s e s  and 
farms , a nd the d i spe n s i ng of g asol ine to mo to r v e h i c l e s . Lo ad ing 
o f  tank trucks at the t wo s upply po i n t s  wa s covered i n  the pre c e d ­
ing sec t ion on transpo r t a t i o n . Prod uc t s  othe r than g a so l i n e  are 
no t add re s sed b e c a u s e  they h ave a l ow vapor pre s s ur e , are a l ow­
vol ume prod uc t ,  or are no t hand led by t h i s  segme n t  o f  the indus try . 

Dur i ng the marke t i ng ope r a t i ons , hyd roc arbon em i s s i o n s  can 
oc c ur f rom the tank t r uck i n  trans i t  to and f rom the  s e rv i c e  
s ta t ion , 2 8  t h e  und e rg round tank as i t  i s  f i l l ed w i th g a so l i n e  
f rom t h e  t ruck , the  und e rg round tank d ur i ng the  t ime be t we e n  
f il l i ng s ,  a nd t h e  au tomob i l e  tanks d u r ing r e f ue l i ng . Ea c h  o f  these  
sources is  d i s cu s s ed b e l ow , a s  are  the i r  control  techn i q ue s . The 
e m i s s ion f a c to r s , e x cept for in- trans i t  los se s , a r e  s umma r i z ed i n  
Tabl e 5 5 .  

A .  Tank Tr uck I n-Trans i t  Los s e s  

Emi s s ions f rom the tank t r u cks can occur  f rom the  h a tc h e s  and 
pressure/va c u um ve n ts on the truck compa r tme n t s  as t h e  truck i s  i n  
route be twe e n  the  terminal o r  b u l k  plan t and the  s e r v i ce s ta t io n . 

TABLE 5 5  

Hydrocarbon Emi ss ions from Gasol ine 

Service Station Operations 

Emiss ion S ource 

Fill ing Underground Tank 

Submerged F i l l ing 

Splash F i l ling 

Balanced Submerged Fil ling 

Underground Tank Breathing 

Vehicle Refue ling Operat ions 

Di spl ac ement Los ses 

( Uncontro l led ) 

Di spl ac ement Los ses 

( Contro l led ) 

Spill age 

Emi s s ion Rate 

Pounds Per 

Thousand Gal lons 

Throughput 

7 . 3  

1 1 .  5 

0 . 3  

9 

0 . 9  

0 . 7  

Kil ogr ams Per 

Thousand Li ters 

Throughput 

0 . 8 8  

1 .  3 8  

0 . 0 4 

0 .  1 2  

1 . 0 8  

0 .  1 1  

0 . 0 84 

SOURCE : E nv ironmental Protection Agency , C ompi l ation of Air Pol lutant 

Emiss ion F actors , Supplement 7 ,  Apr il 1 9 7 7 .  
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Such los s e s  are c on s id er ed to be ins ig n i f i c an t  b e c a u s e  r eg u l a t i o n s  
proh i b i t  t rave l w i th t h e  h a t c h  covers o p e n  and t h e r e  i s  a more 
r e c e n t  requ i r eme n t  tha t the trucks undergo a p r e s s u r e/vacuum te s t  
for l e aks a t  l e a s t  o n c e  a yea r . The s e  reg ul a t ions w i l l  come i n t o  
e ff e c t  i n  al l areas t h a t  r eq u i r e  vapo r c o n t r o l  d u r ing l oad i ng a t  
t h e  t e rm i n a l  a nd d u r i ng d e l i ve ry a t  t he s e r v i c e  s ta t io n . 

B .  Underg round Tank Lo s s e s  

For d e l i v e ry o f  g a s o l ine t o  t he s e r v i c e  s ta t io n , the  t a n k  truck 
c ompar tme n t s  a r e  conne c ted to the und e rg round tanks by a ho s e  that  
make s a l iq u i d- t i g h t  conn e c t ion with  the f il lp i pe of  the  tank . 
Va l v e s  o n  the truck are ope n ed to al l ow t he g a so l i n e  to f l ow by 
gravi ty i n to the tanks f rom the compar tme n t s . Em i s s ion s oc c u r  wh en 
the hyd roc arbon vapo r s  in the s torag e tank are d i sp l a c ed throug h 
the tank vent  by the i ncom i ng gasol ine . 

As w i t h  truck l o ad ing , the quan t i ty o f  the  emi s s ions pr imar i ly 
d epe nd s  upo n wh e th e r  the f i l l p ipe e x te nd s  to w i th i n  a f e w  i nches  o f  
the bot tom o f  the  tank t o  ens ure s ubmerged f i l l i ng o r  whe th e r  i t  
e xtend s  o n l y  to the  top o f  the tank o r  s l i g h t l y  f ur the r , t h e reby 
caus i ng s p l a sh f i l l i ng to o c c u r . Submerged f i l l i ng i s  requ i r ed i n  
many o zo n e  non a t ta i nmen t  a r e as and has  been the s ta nd ard p r a c t i c e  
of  t h e  i n d u s t ry f o r  many ye ar s . An average h yd ro c a rbon e mi s s io n  
r a te fo r s ubme rged f i l l ing i s  7 . 3  po und s pe r 1 , 0 0 0 g a l l on s  o f  
trans ferred g a sol i n e , and the  r a te for s�l a sh f i l l i ng i s  1 1 . 5  
pound s pe r 1 , 0 0 0 g a l lons ( s ee Ta ble  5 5 ) . 9 

Em i s s io n s  f r om underg round tank f i l l i ng ope r a t i o n s  a t  s e r v i c e  
s t a t ions can be f ur t h e r  red uced b y  t h e  u s e  o f  the  vapor b a l anc e 
sys tem ( F i g ur e  9 5 ) . Th i s  sys tem empl oys a vapo r r e t u r n  ho s e , wh i c h  
re t urns g a sol i n e  vapo r s  d i spl aced f rom the und e rg ro u nd t a n k  t o  the  
tank truck c omp a r tmen t b e i ng emp t ied . The con tro l e f f i c ie n cy o f  
the bal ance s y s t em ranges f rom 9 3  to more than 9 9  p e r c en t . Hyd r o­
c arbon em i s s io n s  f rom und e rg round tank f i l l i ng ope r a t ions a t  a 
serv i ce s ta t ion employ i ng both the  vapor b a l ance s y s t em and 
s ubme rg ed f i l l ing are no t e xpec ted to e x ce e d  0 . 3 pound p e r  1 , 0 0 0 
g a l lons o f  tran s f erred gasol ine . 3 0  

Ano t he r  underg round tank em i s s ion so urce i s  b r e a t h i ng l o s s , 
wh ich i s  r e l a t ive l y  i n s ign i f ic an t .  Th i s  l o s s  i s  c r e a ted by changes 
in  prod u c t  tempe r a t ur e  o r  barome tr i c  p r e s s ur e . The tempe r a t ur e  o f  
the prod uc t i n  t h e  und e rground tank i s  i n f l uenced pr imar i l y b y  the  
t empe r ature of  the g a so l ine be i ng del ivered , not  by amb i e n t  a i r 
tempera t ur e  c ha nge s . 

C .  Ve h i c l e  Re f ue l i ng Los s e s  

An add i t ional  s o u r c e  o f  h yd roc arbon emi s s ions a t  s e r v i c e  
s ta t ions i s  t h e  v e h i c l e  re f ue l ing ope r a t i o n  and t h e  a s so c i a ted 
sp i l l ag e . The re f ue l i ng emi s s ions are a t t r i b u t a b l e  to vapo r s  d i s­
p l aced f rom the au tomo b i l e  tank by the d i spensed g a so l i n e  and to 
s p i l l age . The quan t i ty o f  d i s placed vapo r s  i s  d e p e nd en t  upon g a s o­
l ine tempe r a t ur e ,  a u to tank temperatur e , g a sol i n e  vapo r  pr e s s ur e , 
and d i spen s i ng ra te s . Altho ugh s everal corre l a t ions h ave b e e n  
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VAPOR VENT L I N E  

I NTER LO C K I N G  VALVE 

Fig u re 95 . Vapor Ba lanc ing D u ring  Gaso l i ne Del ivery to Service Stat ion .  

U N DE R G R O U N D  
STORAGE TAN K  

SOURCE: Env ironmental Protection Agency, Compilation of Air Pollutant Emission Factors, Supplement 7 ,  Apri l 1 977 . 

d eveloped to e s t imate  l o s se s due to d i spl aced vapo r s , s i g n i f i c an t  
con troversy e x i s t s  concern i ng these  corr e l a t ion s . I t  i s  e s t i ma te d 
by E PA t h a t  the hyd rocarbon em i s s ions  d u e  to vapo r s  d i sp l aced 
d ur i ng ve h i c l e  re f ue l i ng averag e  9 po und s  pe r 1 , 0 0 0  g a l lo n s  o f  
d i spe nsed g a so l i n e . 3 1  

Th e quan t i ty o f  s p i l lage  l os s  i s  a f u n c t i o n  o f  the  type o f  
s e rv ice s ta t io n  ( se l f  s e r v i c e  o r  f ul l  serv i c e ) ,  v e h i c l e  tank 
conf i g u r a t i o n , a nd ope r a to r  techn ique . An ove ra l l ave r ag e sp i l l ag e  
loss i s  0 . 7  pound p e r  1 , 0 0 0  g a l lons o f  d i sp e n s e d  g a so l i n e . 3 2  

Two type s o f  vapo r con t ro l  sys tems h ave b e e n  d e v e l oped to r e­
d uc e  r e f u e l i ng em i s s i o n s ; one i s  the balance  sys tem and the o th e r  
i s  t h e  a s s i s t  s y s t em . Both systems use  spec i a l  no z z le s ,  ho se s , and 
p i p i ng to convey the vapo rs d i sp l aced f rom the v e h i c l e  f ue l  tank to 
the und e rg round s torage tank vapor spac e . The mo s t  c ommo n l y  u s e d  
sys tem i s  t h e  b a l an c e  sys tem , wh i c h  d e pe n d s  pr imar i l y  upo n t h e  
pre s s ur e  crea ted i n  the  veh i c l e  f ue l  t a n k  by the  i nc om i ng l i q u id to 
f orce the vapo r s  throug h t he re turn l in e  to the und e rg round s to rag e 
tank . The vapor r e cove ry no z z l e  i s  equ ipped w i t h  a spr i n g - l o ad e d  
b e l l ows tha t i s  comp r e s sed whe n  i t s  facep l a te i s  pushed ag a i n s t  the 
l ip of the  ve h i c l e  f i l lp ipe . A catch  on the  no z z l e  l a tches  w i t h  
the turned - i n  l i p o f  the veh i c l e  f i l l p i pe . The l at c h i ng a c t i o n  
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open s  the r e t urn pas s ag eway , wh ich cond uc t s  g a s o l i n e  vapo r d i s­
pl aced from the ve h i c l e  tank to the vapo r r e t u r n  ho s e , through the 
und e rg ro und p i p i ng , and back to the und e rg round tank . Id � a l ly , a 
s e al i s  c r e a ted b e twe e n  the no z z l e  and veh i c l e  f i l lp i pe , a nd the 
no z z l e  vapor r e t urn pa s s ag eway i s  opened to the  vapo r  r e t u r n  hos e 
o nl y . A b al ance sys tem i s  d epi c ted in F i g u r e  9 6 .  

SERV I C E  
STAT I O N  

P U M P  

Fig u re 96.  A Balance-Type Automob i le Refue l i n g  Vapor-Recovery System . 

SOURCE: Envi ronmental Protection Agency, Compilation of Air Pollutant Emission Factors, Supplement 7, Apri l 1 977. 

Th e o the r type of serv i c e  s t a t i o n  vapo r  control s y s t em i s  the  
a s s i s t  s y s t em . Th i s  s y s t em is  s im i l ar to  a b a l ance  s y s t em but  r e ­
l ie s  o n  a vacuum- i nd uc i ng dev i c e  s uc h  a s  a n  a sp i r a to r ,  a pump , o r  
a blowe r  t o  a s s i s t  i n  mov i ng the gasol ine vapo r s  f rom t h e  ve h i c l e  
tank t o  the sto rag e tank . Th e as s i s t  no z zl e  i s  equ i pped wi t h  a 
s pr i n g-load ed b e l l ow s , wh i c h , a l tho ugh s im i l ar to t h a t  o n  t h e  
b al an c e  noz z l e , i s  more e a s i ly c omp r e s s ed wh e n  the  no z z l e  i s  i n­
s e r ted i n to the  ve h i c l e  f i l lp ipe . The vacuum d ev i c e  cre a te s  a 
vacuum ,  wh i ch d i r e c t s  the  g a so l i ne vapo rs to the und e rg round tank . 
Some vacuum s y s t em s  a l s o  d raw a sma l l  amo u n t  o f  a i r i n to t h e  no z ­
z l e , so tha t more vapo r i s  r e turned to the und e rg rou nd tank than 
the vol ume of  g a s o l i n e  w i t hd rawn . A proce s s ing u n i t ,  wh i c h  i n­
c inerate s the s e  e x c e s s  v apo rs , i s  some t im e s  u s ed o n  the  a s s i s t  
sys tem . 3 3  

Res ul t s  o f  t e s t s  cond uc ted by the Ca l i forn i a  A i r Re s o u r c e s  
Board show t h a t  b o th t h e  bal ance sys tem a n d  the a s s i s t  sys tem a r e  
more t h a n  9 5  perc e n t  e f fe c t ive i n  red uc i ng re f ue l i ng emi s s ions . 
The ov e r a l l  pe r f o rmance o f  both sys tems w i l l  improve somewh a t  
because o f  the s tand ard i zed f i l lpipe con f i g ura t ion t h a t  wa s 
e s t ab l i shed by the So c ie ty o f  Au tomo t i v e  Eng i n e e r s  f o r  the 1 9 7 8  
mod e l -ye a r  veh i c le s . As mor e  o f  the veh i c l e s  o n  t h e  road h ave t h i s , 
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con f ig ur a t i o n , i t  may be po s s i b l e  to f ur th e r  s t and ard i ze the noz z l e  
d e s ign t o  f ac i l i ta te o b ta i n i ng a va po r- t i g h t  conne c t io n  b e t we e n  the 
v eh i c l e  and the sys tem . 

Two other approache s to con trol ve h i c l e  r e f ue l i ng em i s s io n s  
have b e e n  con s i d e red per iod i c a l ly f o r  a n umbe r  o f  ye ar s , b u t  
n e i ther has b e e n  ac cepted unan imously by t he pe t ro l e um i nd u s t ry , 
the au tomo t ive i nd u s t ry , and the reg u l a to ry age nc ie s . One approach 
i s  to re t a i n  the d i spl aced vapo r s  o n  the a u tomob i l e  by ad sorb i ng 
them on a c t iva ted c a rbon , wh ich wo u ld be s ub s e q uen t l y  r e g e n e ra te d  
i n  pl ace and the vapo r s  rou ted t o  the e ng i ne f o r  combu s t io n . Th i s  
techn ique wa s eva l ua ted w i t h  pos i t ive re s ul t s  b y  AP I i n  t h e  l a t e  
1 9 7 0 ' s ,  b u t  E PA d id no t accept i t  a s  a v i abl e a l t e r n a t ive , pe rhaps 
because it wo uld h ave been another env i ro nme n t a l  r e q u i reme n t  for 
the au tomo t i v e  i nd us t ry to me e t . 3 4  

The o the r al t e r na t i v e  i s  to e l im i n ate the  a u tomob i l e ' s  f ue l  
tank vapor space by u s e  o f  a f l e x i b l e  d i aphr agm o r  a c o l l aps i bl e 
b ladd e r  in  the tank . The se techn ique s we re s t ud i e d  by the  a u to­
mo t ive i nd u s t ry i n  par a l le l w i th the AP I ' s  i n ve s t i g a t io n s  b u t  wer e  
j udged no t to b e  pr ac t i c al . 

Co ntro l s  fo r ve h i c l e  re f ue l ing em i s s i o n s  a r e  c u r r e n t l y  requi red 
only in spec i f i ed are a s  o f  Ca l i forn i a  by l oc a l  reg u l a t ions a nd i n  
Wa sh ing to n , D . C .  EPA h a s  no t i s s ued f e d e r a l  g u id e l i n e s  o r  reg u l a­
t ions on re f ue l i ng and the  con t ro l s  are no t vo l un tar i l y i n s ta l le d  
b y  the ind u s t ry b ec ause they a r e  l e s s  c o s t-e f fe c t iv e  than contro l s  
o n  other h yd roc a rbon em i s s ion source s .  

Be fore ve h i c l e  re f ue l i ng con t ro l s  are propo s e d  on e i th e r  a 
n a t io nal bas i s  ( or on a l oc a l  bas i s ) ,  four m a j o r  conc e r n s  m u s t  b e  
cons id e red . 

• The contro l s ( e i th e r  s ta t ionary o r  onbo ard ) may p rod uce 
only a m i n imal improvement in  a i r  qual i ty .  Ac c o rd i ng to 
E PA ,  contro l s  at s e r v ice s ta t ions are i n t e nd ed to recover a 
max imum of o n l y  2 p e r ce n t  o f  the hyd rocarbons em i t te d  i n  a 
typ i c a l  reg ion , 3 5  Furthe r , E PA canno t  d emon s t r a t e  tha t 
the se con tro l s  wi l l  have any measureab l e  impa c t  o n  a i r  
qual i t y ; i . e . , i n  areas where s ta t ionary con t ro l  e q u i pmen t  
curre n t l y  i s  requi red , h yd rocarbon em i s s i o n s  a r e  d e c r e a s ­
i n g ; b u t  o zone l eve l s  a r e  n o t  show i ng a corre s pond i n g  
d ec l i ne . 

• Th e contro l s  may n o t  be e f f e c t ive wi tho u t  a cos t l y  and 
s tr i ng e n t  i n s pe c t ion and ma i n tenance prog r am . Air q u a l i ty 
bene f i ts may no t b e  real i ze d  d ue to e n f o rc eme n t  pro b l ems . 
E PA l a cks d a t a  on en forc eme n t  probl ems f rom the  Di s t r i c t  o f  
Col umb i a  and Ca l i fo rn i a  and on the po te n t i a l  c o s t  to E PA o r  
to the s ta te and l o c a l  governme n t s  i f  a s t r i c t  i n s pe c t io n  
prog r am i s  requ i red . 

• Co s t s  are l arge compared to ant i c i pa te d  bene f i t s . 3 6  
Ach i eveme n t  o f  th i s  min imal improveme n t  i n  a i r q ua l i t y  
wou l d  req u i re impo s i t io n  o f  l arge c o s t  burd e n s  o n  e i th e r  
gaso l ine re ta i l e r s  or au tomob i l e  manu f ac t ur e r s .  
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Accord i ng to i n d u s try d a t a , i nd e p e nd e n t  g a sol i ne re ta i l e rs 
wo u l d  be faced  w i th equ i pme n t  i n s t a l l a t i o n  cos t s  o f  up to 
$ 1 , 7 5 0  p e r  noz z l e  and an add i t iona l $ 2 6 0 pe r ye ar in ma i n­
tenance cos t s  i f  s t a t i onary vapo r  re cove ry s ys tems we r e  to 
be mand a ted by E PA .  

Informa t ion pre s e n ted by the mo tor veh i c l e  manu f ac t u re r s  
i nd i ca te s t h a t  on-board equ ipmen t  c o u l d  ad d b e twe e n  $ 1 6  a nd 
$ 2 0 to the  c o s t  o f  a new a u tomob i l e . To t a l  annual co s t  t o  
t h e  ind u s try wo u l d  be ba sed upon an e s t ima ted 1 0  mi l l ion 
new car s a l e s  pe r ye ar . 

• Mos t  s ta te s  are e xpec ted to mee t the  e x i s t i ng o zone s ta n­
dard pr ior to 1 9 8 7  w i tho u t  Stage  I I  v apo r r e covery . Ga s­
o l ine re f ue l i ng vapo r s  are very sma l l  o n  a ton s-pe r-da y  
bas i s  i n  the conte x t  of  t h e  hyd rocarbons emi t te d  i n to t h e  
a tmos ph e r e . Con tro l s  on other h yd roc arbon s o u rce s are 
c u r r e n t l y  be ing impl eme n ted and w i l l  be i n  p l ace be fore 
re f ue l i ng contro l s  are nece s s a ry . 

The s e  four po i n t s  we r e  recog n i zed by the U . S .  S e n a t e  Comm i t te e  on 
Approp r i a t ions and ad d re s sed in  i t s  1 9 8 1  repo r t . 3 7  

EPA ' s  pho to chem i c al o x i d a n t  s tand a rd , wh i c h  cou l d  impac t the 
i n s t a l l a t ion of S t ag e  I I  control s ,  wa s cha l l enged in the u.s. Co ur t 
o f  Appe a l s  ( D . C .  C i rc u i t ) . The recen t  cour t d e c i s io n  re j e c te d  
arg ume n t s  that the  o zone s tand ard s are too s t r i ng en t . 3 8  The 
pe t i t ione r s  cha l l e nged the pr imary and second ary NAAQS f o r  o zo n e  
a s  s e t  a t  0 . 1 2  parts  p e r  m i l l io n  { ppm ) b y  E PA und e r  t h e  C l e a n  A i r 
Act i n  r eg ul a t ions  pub l i shed on February 8 ,  1 9 7 9 . AP I ,  t he c i ty o f  
Hou s ton , and the Commonwe a l th o f  Virg i n i a  contend ed that  the  Adm i n­
i s t r a to r  o f  E PA e rred by e s tabl i sh i ng s tand a rd s  t h a t  we re too 
s tr ic t . Th e Na t ur a l  Re so urce s De f e n s e  Counc i l  contended t h a t  the  
Admi n i s t ra tor e s tab l i shed s tandard s that  we r e  too l e n ie n t . Pro­
ced ural chal l en g e s  we re a l so ra i se d . The court  uphe ld the o zon e 
s tand ard s a s  s e t . It  s a id they we re prope r und e r  the Ac t ,  a nd that  
s uch pro c ed ur al errors  a s  d id occur d o  no t r equ i r e  i nv a l id a t io n  of  
the  f i nal s t and a rd s .  AP I h a s  appe a l ed the  d e c i s ion to the  Supreme 
Cour t . 

WATER AND LAN D 

Ind u s t ry prac t i c e s  and e nv i ro nme n t a l  reg u l a t i o n s  con t ro l  the 
d i sc ha rg e s  of r aw m a te r i a l s o r  prod u c t s  to s u r f a c e  wa te r s  o r  to 
l and ( where they can con t am i n a t e  g ro und wa ter s ) . Th i s  con t rol i s  
accompl i sh ed throug h both the tre atme n t  o f  contam i n a ted wa s tewa t e r  
be fore d i sch arge and an i n te n s ive s y s t em o f  s p i l l  p r e ve n t io n . I n  
add i t io n , a s  s p i l l s  c anno t a l ways be prev en ted , p ro c e d u r e s  a r e  i n  
pl ace to d e te c t  a nd c l e an up s p i l l s  when t h e y  oc c u r . 

The d i s t r i bu t i o n  o f  p e t role um raw ma t e r i a l s  and prod uc t s  i s  
c ond u c te d  i n  a predom i n a t e l y  c l o sed sys tem , wh i c h  m i n im i z e s  l o s se s . 
Eve n w i t h  the  be s t  preven t ion me a s ure s , howeve r , s p i l l s  and l e ak s  
s t i l l  occur . Whe r e  they d o ,  pe tro l e um prod u c t s  c a n  b e  d i sc harged 
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to s urface wa ter or the  l and . Large s ur f ace wa t e r  sp i l l s  c an 
c re ate un s ig h t l y  i n c id en t s . The manag eme n t  and c l e an up o f  the se 
sp i l ls is d i s c us sed i n  Chapter S i x . Sp i l l s  to l and are g e n er a l l y  
more local i ze d , b u t  they c an cause f i re and expl o s i o n  ha z a rd s  and 
can con tam i n a t e  g roundwa te r . Once und e rg round , the  s p i l l e d  pe tro­
l eum is d i f f i c u l t to c l e an up . 

Th i s  s e c t i on o f  the repo r t  pr esents  i n fo rma t io n  o n  wa s tewa ter 
genera ted and d i scharged a s  a re s u l t of  ro u t i n e  ope r a t i o n s  as wel l 
a s  rel ease s tha t un av o i d ably o c c ur a s  a r e s u l t o f  s p i l l s  o r  l e aks . 

I .  App l i ca b l e  Laws and Re g u l a t ions 

Th e pr imary l aw tha t empowe r s  E PA t o  wr i te r eg u l a t io n s  con­
trol l i ng d i scharg e s  and sp i l l s  to s ur f ace wa t e r s i s  the C l e a n  Wa te r 
Ac t .  Reg u l a t ions prom u l g a ted unde r  the a u t ho r i ty o f  the  C l ean 
Wa ter Ac t impac t s torag e , transpor tat ion , and marke t i ng f ac i l i t i e s  
t hrough prog rams tha t i nc l ud e  the Na t i onal Po l l u ta n t  Di s c ha rg e  
El im inat ion Sys tem ( N PDE S ) pe rmi t sys t em , t h e  Sp i l l  Pre ve n t io n , 
Control and Co un te rme a s u r e s  ( S PC C )  pro g r am , a nd contro l s  o n  the 
d i scharg e s  of o i l  and h a z a rdous  s ub s tance s .  

There i s  a w i d e  range o f  federa l , s ta t e , a nd l oc a l  reg ul a t ions 
p rov id ing an env i ro nmen ta l  control framewo rk for manag i ng g round ­
wa ter con tam i na t ion f rom sp i l l s  and l e aks . Th e C l e a n  Wa t e r  Ac t i n  
Sect ion 2 0 8  prov i d e s  l ang uag e for g roundwa t e r  pro te c t i o n ; t he Sa fe 
Dr i nk i ng Wa ter Ac t prov id e s  a route for g ro un d wa t e r  p ro te c t io n ; and 
t he more r e c e n t  l aw ,  the Re so urce Conserv a t i o n  and Re cove ry Ac t of 
1 9 7 6  ( RCRA ) prov i d e s  for the reg u l a t ions for p ro te c t i ng g ro undwa te r  
f rom sp i l l s o f  ha z a rd o u s  wa s te s . 

In add i t ion to fed e ra l  l aws , e s sen t i a l l y  a l l t he s ta te s  have a 
framework o f  reg ul a t ion s fo r g ro undwa ter p ro te c t io n . Some o f  the 
s ta tes , i nc l ud i ng C a l i fo rn ia , Al aska , a nd Wyom i ng , h av e  e x te n s i v e  
reg u l a t ions tha t add re s s  a l l  aspe c t s  o f  g roundwa te r  p ro te c t ion . 
Seven o the r s t a te s  are cons i d e red by an E PA s t ud y to have r eg u l a­
t ions that  add re s s  e s sen t i a l l y  a l l  aspe c t s  o f  g ro undwa t e r  p ro te c­
t io n . 3 9  Th e rema i nd e r  of  the s tates  ad d re s s  the pro te c t ion of 
g ro und wa te r  resources  w i th r e g u l a t ions tha t re f l e c t  the i r  a s s e s s­
men t of  t he i r  s t a te s '  po te n t i a l  probl ems . 

On a local  b as i s ,  par t i cu l arly i n  urban reg ion s , f i r e  d epar t­
ments pl ay a ma j o r  ro l e  in the man ag eme n t  of sp i l l s  a nd l e aks t ha t 
have the po te n t i a l  to , o r  d o , e nd ange r  the  c ommun i ty .  Fi re d epar t­
men t s  h ave a we l l  o r g an i zed s e t  of  proced ure s and c od e s  to r e s pond 
to prob l ems po te n t i a l ly h a rm f ul to c i t i ze n s  and prope r ty . 

Mar i n e  transpo rt a t i o n , v e s s e l  d e s ig n , and v e s s e l  equ i pmen t are 
reg u l a ted und e r  the  Por t  and Tanker Sa f e ty Ac t .  Many p i pe l ine 
act i v i t i e s  are reg u l a te d  by DOT reg u l a t io n s . 

I I .  Impa c t  o f  D i s c h a rg e s  on the Env i ronme n t  

Di scharg e s  t o  s ur f ace wa te r s  from s to rag e ,  t ranspo rt a t ion , a nd 
marke t i ng f ac i l i t ie s  re s ul t  pr imar i ly f rom s to rm wa t e r  r unof f , pro­
cess wa s tewa t e r , a nd s p i l l s . Bo th contam i n a te d  s to rm w a t e r  runo f f  
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and proc e s s  wa s te wa te r  are trea ted for o i l  and g r e a s e  ( O& G ) remo va l 
befo re d i scharg e . As a r e s u l t ,  they prod u c e  l i t t l e  i n  the way o f  
env i ro nme n t a l  impac t .  I n  ad d i t io n , unco n t am i n a te d , u n t r e a ted s torm 
water runof f  from f ac i l i t i e s  has l i t t l e  impa c t .  Sp i l l s , howe v e r , 
can cause h ig h l y  v i s i b l e  and un s i gh t l y  me s se s , b u t  to d a te e f fe c t s 
have be en d e t e rm i n ed to be reve r s i b l e  and g e n e r a l l y  n o t  l ong t e rm . 
Sp i l l s  and the i r  f a te and e f fe c t s  are d i s c u s s ed i n  mor e  d e ta i l  i n  
Chapter S i x . 

Sp i l l s , b y  d e f i n i t io n , i nvolve the l o s s  to the e nv i ro nme n t  o f  a 
d i scre te amoun t o f  prod uc t .  Typ i cal ly , the e s caped p rod u c t  i s  co n­
f ined to a local i z e d  are a ,  a s  much prod u c t  i s  recovered as po s s i­
ble , and the sp i l l  s i te then r e c l a imed . 

Le aks , on the  o th e r  h and , are po te n t i a l l y  more s ub t l e  a nd 
s e r ious pro b l ems . They may no t b e  d e te c te d  p romp t l y  un t i l  e x t en­
s ive are a s  are con tam i na ted w i t h  l arge quant i t i te s  of p rod u c t . 
La rg e- s c al e te rm i n a l s  a nd transportat ion fac i l i t i e s  a r e  us ua l l y  
located i n  r e a sonably i so l a ted s i te s , thus  t h e  po te n t i a l  f o r  
e nd a ng e rme n t  t o  pe op l e  and prope r ty f rom l e ak s  i s  m i n im i ze d ; t he 
pr i nc i pl e  concern i s  the  po ten t i a l  for g ro undwa te r  con tam ina t io n . 

I I I .  S p i l l  I n c i d e n t s  

Sec t io n  3 1 1  o f  the  C l e a n  Wa te r Ac t a s  ame nd ed i n  1 9 7 8  spec i f i ­
c al ly add r e s se s o i l  spi l l s . The Ac t proh i b i t s  the d i scharge  o f  o i l  
i n  quan t i t i e s  tha t " may b e  harmf u l . "  Sp i l l s  i n to o r  upon nav i g abl e 
wa ters o f  the Un i ted S t a te s ,  ad j o in ing sho re l i n e s , o r  t e r r i to r ia l  
sea s m u s t  b e  re po r t ed and c iv i l  pena l t ie s  a r e  a s s e s se d  accord i ng ly . 
Fa i l ure to repo r t  a s p i l l  can s ub j e c t  a d i s c ha r g e r  to c r im i na l  
pena l t ie s . 

Re po r t s  o f  spi l l s are mad e to the Na t i onal Re spo n s e  C e n t e r , 
wh ich i s  mann ed by the  u . s. Coa s t  Guard . Th e Coa s t  Guard ann u a l l y  
prepares a repo r t  pr e s e n t i ng a n  analy s i s  o f  s p i l l  inc i d e n t s . Oi l 
s p i l l  in fo rma t io n  for t h e  1 9 8 1  Coa s t  Guard r e por t , Pol l u t i n g  I n­
c id e n t s  I n  and Around U . S .  Wa te r s , fo r sou r c e s  i n  the s torag e ,  
transpo r t a t ion , a nd marke t i ng sec tor o f  the ind u s t r y  i s  s ummar i ze d  
i n  Ta b l e  5 6 .  The me thods used to prev e n t  and control  the se sp i l l s , 
both onshore a nd o f f s hore , are d i s cu s sed i n  d e t a i l  i n  the  f o l lowing 
s e c t i on s . The impa c t  o f  the se sp i l l s  is  d i sc u s s ed in  d e t a i l  in  
Chap ter S i x . 

I V .  O f f shore Po l l u t i o n  Contro l  and Preve n t i o n  

A .  S torage and P ip e l i ne s  

Of f shore s torage a nd p i p e l ine fac i l i t i e s  and pol l u t io n  c o n t ro l  
a spe c ts a r e  d i sc u s sed e x te n s i v e ly i n  the Ind u s try Ope r a t io n s  s e c­
t io n  o f  th i s  chapte r . The r e  are few ro u t ine wa s te wa te r  d i s ch a rg e s 
a sso c i a te d  w i t h  o f f s ho re s to rag e and p i pe l ine s . Di s c h a rg e s  a r e  
pr imar i ly a s soc i a te d  w i th acc idental  s p i l l s . 

Maj o r  l o s s  o f  s tored o i l  o r  d amage to the  s torage f ac i l i ty i s  
pos s i b l e  from h ur r i c an e s ,  c ol l i s io n  b y  s e ag o i ng v e s se l s , b lowo u t s  

4 0 4  



TABLE 5 6  

Reported O i l  Spi l l  Incidents f o r  Sour ces i n  

S torage , Transportation , and Marketing -- 1 9 7 9 - 1 9 8 0 *  

Total Reported , 

All Sources 

Tank Ships 

Tank Barges 

Railway Vehicles 

Highway Vehic les 

Bulk Storage 

Pipe l ines 

Marine Facil ities 

Land Facilit ies 

Total for Storage , 

Transportation , 

and Marketing 

Sources 

1 9 79 

Number Vo lume 

of Spi l l s  ( G a l lons ) 

1 0 , 9 90 

7 0 6  

9 3 0  

47 

3 4 6  

2 2 5  

5 94 

62 0 

1 9 9 

3 , 6 6 7  

1 0 , 5 0 0 , 3 44 

2 , 5 6 1 , 92 5  

1 , 2 0 0 , 6 8 0  

1 2 2 , 7 6 0  

3 5 2 , 480 

3 3 4 , 3 3 8  

3 , 3 0 1 , 4 7 0  

5 5 2 , 8 1 8  

268 , 2 78 

8 , 6 94 , 749 

Percentage 

of Total 

Volume 

1 0 0  

2 4  

1 1  

3 

3 

3 1  

5 

3 

83 

1 9 8 0  

Number Vo lume 

O f  Spi l l s  ( G a l lons ) 

7 , 83 7  

49 9 

7 5 1 

3 1  

1 5 6 

2 2 3  

4 7 5  

5 1 9  

1 1 0 

2 , 7 64 

7 , 3 3 2 , 6 99 

1 , 4 7 1 , 0 9 6  

1 , 59 6 , 0 7 9  

6 6 , 4 8 5  

1 0 2 , 1 6 1 

3 6 2 , 0 0 5  

1 , 7 1 9 , 4 2 0  

7 9 5 , 83 6  

6 0 , 7 7 3 

6 , 1 7 3 , 8 5 5  

Percentage 

of Total 

Vo lume 

1 0 0 

2 0  

2 2  

1 

5 

2 3  

1 1  

84 

* Source of data : D epartment of Transportat ion , u . s .  Coas t  Guard , P o l luting 
Incidents I n  and Around u . s .  Waters , Cal e ndar Years 1 9 7 9  and 1 9 8 0 . Tota l s  may 

not add due to rounding. 

on ad j acent we l l s , and f ir e . Fa i l ure of the f ac i l i t y  may a l so 
resul t from und e rm in ing o f  the s tr uc ture found a t i o n  by wav e mo t io n . 

Exper ience  has shown t h a t  a l mo s t  any f l u id s p i l l ed o n  a p l at­
fo rm is a po ten t i a l  source of pol l u t ion . For th i s  r e a so n , p l a t form 
d ecks are equ i pped w i th g u t te r s  and d r a i n s  to d i r e c t  the spi l ls to 
a c e n tral  gather i ng tank where the sp i l l  mate r i a l  may b e  t r e a ted 
o r , i f  it i s  no t s u i tab l e  fo r treat ing , d ir e c ted to sho re fo r d i s­
pos i t ion w i t h o u t  d ang e r  o f  pol l u t io n . S i nce a s ub s t an t i al p a r t  o f  
spi l led ma te r i a l  conta i n s  f l ammabl e hyd rocar bo n  ma ter i a l , i t  i s  
ad v i s able that  ad equate s a f e t y  me as ure s for preven t io n  o f  f i r e  and 
e xplos ion be incorpo rated in  the col l e c t i o n  tank a t  the t ime o f  d e­
s ign and i n s t a l l a t io n . En tra ined gas , wh ich i s  l i ke ly to be a s s o­
c ia ted wi th any l iv e  o i l  s p i l l s  t h a t  m ig h t  be d i re c ted to the 
col l e c t ion tank , should be prov ided for by conne c t io n  of t h e  co l ­
l ec t ion tank t o  t h e  o f f shore s t ruc ture ' s  g as f l are or v e n t  l i n e  
system . 

Of f shore s t r uc t ur e s  i n  d i f f e r e n t  par t s  o f  the  Un i te d  S t a te s  
may requ i r e  cons id erab l y  d i f fe r e n t  d e s i g ns to conform w i th e nv i ron­
mental cond i t ions e nc o un tered . In  recogn i t io n  of t h i s , t h e  v a r i o u s  
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reg u l a to ry ag e n c i e s  have ad opted rul e s  s u i ted to the a r e a  f o r  wh i c h  
they are re s pon s i bl e . 

Con s i d e r a t ion mu s t  b e  g iven for t he s e c ur i ty o f  o f f shore s to r­
a ge fac i l i t i e s  ag a i n s t  wa t e r  ac t ion , w i nd ac t i o n , a nd co l l i s io n . 
In a l l  o f f s hore s tr uc t ure s , the bas i c  eng i n ee r i ng con s i d e r a t i o n s  
a r e  rat ional d e s i g n  fo r the forces to be encoun te r ed a n d  t h e  load s  
to be borne , r e a l i s t i c  appr a i s a l  and forec a s t o f  the  f o rce s to b e  
suf f e red , a nd e ng i n e e r ing s tud y o f  the s i te o n  wh i c h  the s t ruc ture 
is  to be b u i l t . Mar i t ime r e g u l a t ions and s tr e n g t h e n e d  coo rd i na t io n  
b e twe en pe t ro l e um a nd o the r ma r i t ime ac t i v i t i e s  w i l l  m i n im i z e 
the l i ke l i hood o f  c ol l i s ion o f  ve s s e l s  w i th o f f s hore s torage 
f ac i l i t i e s . 

Impo r tan t to the preven t i on o f  f i re and po l l u t i o n  are good 
commun i c a t i on s ; h ig h l y  i n s tr umented f ac i l i t ie s ; i nh i b i t i o n  o f  
corros ion ; f reque n t  i n s pe c t i o n ; e ar l y  d e te c t io n  o f  l e ak s o u r ce s ; 
wa rn i ng s y s t ems for ma j o r  s torms and ocean s h i pp in g ;  and h ig h l y  
t r a i ned , r e spo n s i b l e  ope r a t i ng personne l .  

B .  Tank e r s  and B arge s 

Du r i ng the 1 9 7 0 ' s ,  s ig n i f i c ant prog r e s s  wa s a c h i e v ed by t he 
c omb ined e f fo r t s  o f  governme n t s  and the mar i n e  i nd u s t ry , d ome s t i­
c al ly a s  we l l  a s  i n te r na t iona l ly , to preve n t  and control o i l  pol ­
l u t io n  o f  the s ea s . The g o a l  o f  th e 1 9 8 0 ' s  s h o u ld b e  t o  ma i n ta i n  
th i s  mom e n t um t h roug h i n c reased e f forts  to comply w i th e x i s t i ng 
reg u l a t io n s  and proce d ure s rather than by the prom u l g a t ion o f  n e w  
reg ul a t i o n s  o r  e n a c tme n t  o f  new l eg i s l at i o n . 

For many ye ars , t he pe tro l e um i nd u s t ry h a s  taken po s i t iv e  s teps 
to  i ncrease  safety and m i n im i ze acc i d e n t s  i n  o rd e r  to avo id o i l 
sp i l l s , b u t  recog n i z e s  t h a t  o i l  on the o c e an and coa s t a l  wa t e r s  
rema ins  a ma j o r  pro b l e m  -- o n e  that i s  i n te r n a t i o n a l  i n  s cope and 
r equ i r e s  the a c t iv e  par t i c ipa t ion of the e n t i re pe t ro l e um i nd u s t ry 
for sol ut ion . The probl em e ncompa s s e s  a l l  c l a s se s o f  s h i p s  a s  wel l 
a s  o t he r  ope ra t i o n s , many o f  wh i c h  are o u t s i d e  the pe t ro l e um i n­
d u s try ' s  con t ro l . Wh i l e  tankers pre s e n t  the po ten t i a l  f o r  l arg e ­
s c a l e  a c c id e n ta l  sp i l l s , s t ud i e s  ind i ca te tha t non tanker s  a r e  
a c t u a l l y  con t r i b u t i ng to s e a  pol l u t ion t o  a g re a t e r  e x te n t  t h a n  
tanke r s  through rou t i ne ope rat i onal d i sc harg e . 

l .  Ve s s e l  De s ig n  

A ma j o r ch ang e i n  ve s s e l  d e s ig n  and equ i pme n t  wa s broug h t  abou t  
b y  the  enac tmen t  o f  the  Por t  and Tanke r Sa f e ty Ac t o f  1 9 7 8 .  The 
Un i ted S t a te s  un i l a te r a l ly passed  th i s  l eg i s l a t io n  i n  ad vance o f  
the corre spond i ng i n t e rn a t iona l pro toco l ,  Tanke r Sa f e ty and Pol l u­
t ion Pr eve n t ion o f  1 9 7 8 . The Po rt and Ta nke r Sa f e ty Ac t s e t s  m i n i­
mum s tand ards for n e w  and e x i s t i ng c r ud e  o i l tanke r s  and p rod uc t 
car r ie r s . Th e Ac t req u i re s  seg reg a ted bal l a s t  tank s , d ed i c a ted 
c l e an b a l l a s t  tank s , or c r ud e  o i l  wa s h i ng equ i pmen t  to be p rov i d e d  
f o r  e x i s t i ng tanke r s  l arg e r  than 4 0 , 0 0 0 DWT e n t e r i ng u.s. ports  b y  
Jun e 1 ,  1 9 8 1 .  La t e r  d e ad l i n e s a r e  se t for re tro f i t t i ng sma l l e r  
tanke rs and prod u c t  sh ips . The s e  new requ i reme n ts con t r i b u t e  
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s ign i f i c a n t l y  to o i l  pol l u t ion abateme n t  f rom ro u t i n e  tanke r 
ope r a t ions . 

2 .  L i ce n s ing 

A 1 9 7 8  I n te rnat ional Co nv e n t ion o n  S t and ard s of  Tra i n i ng , 
Ce r t i f ic a t ion and Wa tchke e p i ng for Sea f arer s ( S TCW ) w i l l  s ho r t l y  
become e f f e c t i v e . I t  prov i d e s  for the s ubmi ss i o n  o f  n a t i o n a l  
l ic e ns i ng prog rams a n d  fo r improvemen t s  i n  t r a i n ing , qua l i f i c a t ion , 
and c e r t i f i c a t ion o f  tanker per sonne l .  The Un i te d  S t a te s , by the  
e nactme n t  o f  the Po r t s  and Ta nke r Sa fe ty Ac t o f  1 9 7 8 ,  h a s  mand a ted 
the r eq u ir eme n t s  conta i n ed i n  the S TCW , w i t h  an e f f e c t i v e  d a te o f  
June 1 ,  1 9 7 8 ,  f o r  al l ve s s e l s  e n te r ing u.s. wa te r s . Th e un i l a te ral 
impos i t ion of the e a r l i e r  d a t e  by the Un i te d  S ta te s , e sp e c i a l ly i n  
v iew o f  the e x te n s iv e  adm i n i s t r a t i v e  r eq u i remen t s  both o n  fo re ig n  
f l ag s ta te s  and tra i n i ng f ac i l i t ie s , w i l l  c r e a te u nn e c e s s a ry 
probl ems on the wo r l d  sh i pp i ng commun i ty . 

3 .  Ve s s e l  D i s charges and Sp i l l s  

Oi l on the ocean and coastal wa te rs rema i n s  a ma j or prob l em - ­
one tha t i s  i n t e r n a t ion a l  i n  scope and e ncompa s s e s  opera t io n  o f  al l 
c l asses  o f  s h i ps , a s  we l l  as o the r ope r a t i o n s , many o f  wh i c h  are 
outs ide the u . s. pe t ro l e um i n d u s try ' s  con t ro l . Wh i l e tank e r s  pr e ­
sent  t h e  po t e n t i a l  f o r  l arge- s c a l e  sp i l l s , s t ud i e s  i nd i c a te t h a t  
non tanke r s  i n  the i r  d a i ly opera t ions a r e  a c t u al l y  contr i b u t i ng t o  
s e a  po l l u t ion t o  a g re a te r  e x t e n t  than tanke r s  t h roug h rou t i n e  
opera t ion a l  d i scharge s , wh i c h  a r e  freque n t l y  w i t h i n  t h e  l aw . 

In one sense , t h e  Un i te d  States  i s  mor e  l i ke ly than many 
c oun t r i e s  to be e xpo sed to po l l u t i on by o i l b e c a u s e  of t he g re a t  
l ength o f  i t s  coa s tl i n e  ( 1 2 , 3 8 3  m i l e s ) ,  a l though t ra f f i c d en s i ty i n  
any par t i c u l ar l oc a t io n  i s  a l s o  a facto r .  In add i t io n  to the se 
e x tens ive coas t a l  wa te r s , there are some 2 5 , 0 0 0  m i l e s  o f  nav i g abl e 
inl and wa terways i n  the Un i ted S t a te s . 

The pr ac t i c e s  o f  the u.s. p e t r o l e um i nd u s t ry a r e  an o f f s e t t i ng 
f a c tor . For many ye ars the pe tro l e um i n d u s t ry h a s  taken po s i t iv e  
s teps t o  inc rease s a f e ty and m i n im i ze acc i d e n t s  i n  o r d e r  t o  avo id 
o i l  s p i l l s . 

a .  Pol l u t io n  Sources 

O i l  pol l u t ion f rom ve s se l s  can oc c ur through v e s s e l  d i s c h arge s ,  
i n c l ud i ng pump ing o f  o i ly b i l g e s  and d i spo s a l  o f  o i l tank wa s h i ng s  
o r  bal l a s t  f rom tanker s ,  and through those m i shaps , s uch a s  acc i ­
d en t ,  c ol l i s ion , and v e s s e l  g round i ng ,  tha t r e s u l t i n  t h e  r e l ease  
o f  o i l . 

( i )  Ve s s e l D i s charge s  

One o f  the pr i nc i p a l  c a u se s o f  o i l  pol l u t ion i s  t h e  d i s c h a rg e  
o f  d i r ty bal l as t  and tank wa sh i ng by o c e a ngo i ng tanke r s , m o s t  o f  
wh ich are engag ed i n  i n te r n a t ional trad e . The s e cond p r i nc i pa l  
source o f  o i l  po l l u t io n  i s  the pump i ng o f  b i l g e s ov e r board f r om 
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thousands o f  v e s s e l s , b ig and smal l .  Oce a ng o i ng ve s se l s  a r e  r e ­
s tr i c te d  by i n te r n a t ional conv e n t i o n  and the f e d e r a l  C l ean Wa t e r  
Ac t from t h e  prac t ic e  o f  d i s ch arg i ng o i ly wa t e r  a n d  s l ops u n t i l  a t  
l ea s t  5 0  m i l e s  f rom l and and then only i n  ac cord an c e  w i th s t r i c t  
d i scharg e c r i te r i a . Pa s se ng e r  ve s se l s  and some type s o f  d ry c a rg o  
vesse l s  f i nd i t  n e c e s sary , a s  f u e l  o i l  i s  con s umed , t o  r e p l a c e  i t  
w i th wa ter bal l a s t  i n  ord e r  to ma inta i n  proper s tab i l i ty .  In some 
case s , t h i s  prac t i c e  requ i r e s  f i l l i ng bunker tanks wi t h  s e a wa t e r  
b al l a s t , r e s ul t i ng i n  c o n tam ina ted wate r , wh i c h  m u s t  b e  d i spo sed o f  
i n  accord ance w i t h  i n te rn a t ional ag r e eme n t s  and na t i o n a l  r e g ul a­
t io n s . In i n l and wa ter s , t ug s , b arg e s , f e r r ie s , a nd the m u l t i t ud e  
o f  d iverse mar ine c ra f t  that  ply our r ivers , l a ke s , b ays , a nd 
sound s are proh i b i ted f rom d i scharg ing any o i l r e s i d ue s  i n to our 
n av igable wa te rways . 

Wh i l e  o i l  pol l u t ion is  a cause  for s e r i o u s  concer n , t h e  d i s­
c harge o f  r aw sewag e and food wa ste from ve sse l s  tha t d a i l y  p l y  o u r  
wa ters i s  a l so s ig n i f ic an t .  Through i n te r n a t ional  ag re emen t ,  mos t  
s eag o i ng v e s se l s  tod ay a r e  prov i d ed w i th san i ta t i o n  d ev i c e s  for 
sewage t re a tmen t  pr ior to ove rboa rd d i scharg e . The r e q u i reme n t  for 
sewage t r e a tm e n t  app l i e s  to all c l a s s e s  of v e s s e l s . 

( i i )  M i shaps -- Col l i s ions and Ground i n g s  

The h uman e l emen t cov e r s  a wi d e  range o f  f ac tors tha t  con t r i­
bute to sp i l l s  a s  we l l  as o t h e r  mi shap s ; for e x ampl e ,  i na t te n t ion 
to d u ty l e ad i ng to a m i no r  tank ove r f l ow , or m i s j udgme n t  i n  n av i­
g a t ion r e s u l t i ng i n  g ro und i n g , col l i s io n , f ir e , po s s i b l e  e xp l o s ion , 
o r  a ma j or po l lu t io n  i n c id en t . Ma te r i al/equ i pme n t  f a i l ur e  s u c h  a s  
s te e r i ng g e a r  o r  l o s s  o f  ma i n  prop ul s ion p l a n t  h a s  h ad d i s a s trous  
e f f e c t s  and , in  some i n s tance s ,  h a s  r e s ul ted i n  comp l e te l o s s  of  
cargo and  ve s se l , wi th occas ional loss  of  l i fe . 

A prom i n e n t c a u s e  o f  o i l  pol l u t ion i s  the  c ol l i s ion and/or 
g round i ng o f  tanke r s  o r  barg e s  eng aged in b u l k  t r an s po r t a t i o n  o f  
o i l . Th i s  type o f  pol l u t ion f rom ve s se l s , b e c a u se i t  o f t e n  r e­
c e ives wi d e  p ub l i c i ty ,  i s  the b e s t  known to the pub l i c . Of course , 
l arge sp i l l s  o f  the  type f rom the Amoco Cad i z  are a ma j or prob l e m . 

The g re a t  ma j or i ty o f  c ol l i s ions and g ro und i n g s  o c c u r  i n  co n­
f in ed wa te r s . Po o r  v i s i b i l i ty ,  t r a f f i c  cong e s t i on , a nd l ack o f  
c ommun ica t ion s a r e  con t r i b u t i ng fac tor s . The probl em i s  no t , o f  
course , l im i te d  to o i l tanke rs . Al l sh i ps , l ar g e  and smal l ,  c om ­
me rc i a l  and noncomme r c i a l , pr i va te a n d  gove r nmen t-owned , are face d 
w i th the probl em . Ne i the r i s  the probl em so l e l y  a n  Ame r i can pro­
blem . On the con trary , i t  is a ma tter of g e n e r a l  i n t e rna t iona l 
conce r n  and re spo ns i b i l i ty .  U . S .  Co a s t  Gu ard s t a t i s t i c s  i nd i c ate 
that h uman e rror is the  g re a t e s t  s i ng l e  con tr i b u t i ng f a c tor i n  
c ol l i s ions and/or the g round i ng o f  v e s s e l s .  

b .  Prev e n t ion and Control 

Mo re d e ta i l ed d e sc r ip t io n s  o f  me thods of preven t io n  and con trol 
o f  o i l  sp i l l s  are g iven i n  the s e c t ions that  fol l ow . Gen e r a l l y  
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spe ak i ng , howev e r , r e s e arch and deve lopmen t  spo nsored by the  pe­
t role um ind u s t ry i s  con t i n u a l l y  d ir e c ted toward preve n t ion o f  o i l  
spi l l s  by improv i ng equ i pmen t  r e l iab i l i ty and po l l u t ion-control 
techn ique s , even beyond the s tand ard s o f  n a t ional  s ta t u te s  or i n­
terna t ional l aw . Fr om i nd u s try e f fo r t s  have come l oad -on- t op ( LOT ) 
techn ique s fo r tanke r s , t he pr ac t i c e  o f  c rud e o i l  wa s h i ng as a 
me thod o f  c l e an i ng tanks , d eve lopme n t  o f  o n-boa rd o i l/wa te r  
sepa r a to r s , improved load i ng and u n load i ng proced u re s ,  a nd the 
bu i l d i ng o f  more a nd l arg e r  shore bal l as t-ha nd l i ng f ac i l i t ie s  i n  
o rd e r  t o  f ur th e r  red uce d i scharg e s  a t  se a .  

Re se arch proj e c t s  have produced improved n av i g a t i o n  sys t ems and 
s te e r i ng d ev ic e s  t h a t  h ave i ncrea sed the mane uverab i l i ty of s h ips . 
Sh ip d e s ig ne r s  a r e  inv e s t i g a t i ng a var ie ty o f  new f e a tur e s  to m i n i­
m i ze the s e r iousne s s  o f  acc ident s . In  add i t io n , i nd i v i d u a l  com­
pan i e s  are i ncrea s i ng ly empha s i z i ng the tra in ing o f  s h i p  pe r sonne l , 
bo th a t  ind u s t ry schoo l s  and aboard s h i p , to improve n av ig a t ion and 
g eneral ope r a t i ng te chn ique s .  

In te rnat ional ly , t he i nd u s t ry has  s trong ly s uppo r ted the e f­
for t s  o f  IMC O i n  improv i ng i n ternat ional s tand ard s o f  v e s s e l  d e s ig n  
and ope r a t ion to pr ev e n t  pol l u t ion , a nd in  d e ve l op ing i n te r n a t ional  
agr e eme n t s  proh ib i t i ng d i scharg e s  o f  o i l  a t  se a .  Even though i n­
ternat ional l aw a l l ows some o i l  d i sc harg e 5 0  m i l e s  o r  mo re from 
shore , d e pe nd i ng u po n  local e , o i l  compan i e s  are now a t temp t i ng t o  
a ch ieve a pr ac t i c ab l e , s t r i c t  po l i cy ag a i n s t  d i sc ha rg e  o f  o i l  o r  
o i l y  bal l a s t  anywhere in the wo r l d ' s  oce an s . 

Wh i l e  the pe t rol e um i n d u s t ry i s  work i ng h a rd on a l l  aspe c t s  of  
prevent ion of  oil  sp i l l s , i t  a l s o  recog n i z e s  that w i th ove r 3 , 2 0 0 
tanke rs and a m u l t i t ud e  o f  other  large s h i p s  p l y i ng the  wo r l d ' s  
oceans , some ac c id e n ts s t i l l  take pl ace . Th e p e t ro l e um i nd u s try 
has there fore taken s teps to be s ure tha t me ans are ava i l ab l e  to 
h and l e  the cos t s  of c l e anup o f  o i l  spi l l s  and to re imb u r se persons 
s us ta in ing po l l u t ion d amag e . The pe t role um ind u s t ry has  d e v e l oped 
vo luntary c ompe n s a t ion pl ans s uch as TOVALOP a nd C R I S TAL f o r  th i s  
purpose ( de sc r ibed l a t e r  i n  th i s  chapte r ) . At the pre s e n t  t ime , 
two conve n t io n s , t he 1 9 6 9  C i v i l  L i ab i l i ty Co nv e n t i o n  and the 1 9 7 1  
Interna t ional Fund Conve n t ion , are ye t t o  b e  ra t i f i e d  b y  t h e  Un i te d  
State s . 

Ba rge moveme n ts on i n l and wate rwa ys a s  we l l  a s  i n  coas t a l  
wa ters repre sen t a n  impo r tant par t o f  t h e  n a t io n ' s  pe t rol e um tra f­
f ic .  Se veral type s o f  techn i c al , proced ur a l , a nd tra i n i ng proj e c t s  
appl icable t o  tanke r s  a r e  a l so general l y  appl i c ab l e  t o  b a rg e s  and 
the ir moveme n t s . Th e ind u s try a c t iv e l y  s uppo r t s  i n c re a sed a t te n­
t ion to local  coopera t ive s to c lean up o i l  sp i l l s  a nd i nc r e a s e d  
c oord i n a t ion wi th concerned l o c a l  and f e d e r a l  g roups . 

Po l l u t ion o f  t he env i ronm e n t  by al l sh i ps o n  the wa t e r s  i s  a 
ma t te r  that  concerns  a l l  o f  soc ie ty ; i nd u s t ry , g ove rnmen t ,  and the 
g eneral pub l i c  al l bear the cos t s . Fur th e rmo r e , a l l  have a d i r e c t  
o r  ind irec t r e s pon s ib i l i ty for s uch r e l evant f ac to r s  a s  h uman pe r­
formance ; the ins tal l a t i on , ope ra t i o n , a nd use of nav ig a t ional 
a id s ; and the c re a t io n  o f  and compl iance wi t h  appropr i a te law and 
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r eg ul a t i o n . Th i s  i n te r r e l a t ionsh i p  o f  r e spo n s i b i l i ty i s  appa ren t 
from the e x am i na t io n  o f  the  a t te n t ion g iven to spec i f i c ope ra t ion s . 

( i )  Contro l  o f  Tank Wa s h i ng s  and O i l y  B a l l a s t  

To comb a t  o i l  po l l u t i o n  from d i spo s a l  o f  o i l y t ank wa s h i ng s  o r  
b a l las t ,  the i nd u s t ry i ns t i t u ted the LOT pro c e d u r e  i n  t h e  1 9 6 0 ' s .  
Th i s  proced ure may b e  d e s c r ib e d  as re t a i n i ng o n  b o a rd s h ip the  
o i l /wa t e r  m i x t u r e s  r e su l t i ng from tanker c ompa r tme n t  c l ean i ng or  
from the u se o f  c ompa r tme n t s  to  carry b a l la s t  so tha t they w i l l  
comm i ng l e  w i t h  compa t ib le new ca rgo l oad ed " on t op . " T h e  general  
prac t ice  o f  LOT has s ig n i f i c a n t l y  red uced t h e  ove rb oard d i sch a rg e  
o f  tank wash i ng s  a nd o i l y  b a l l as t . 

A new me thod d ev e l oped to improve LOT i s  a c omb i na t io n  o f  
s everal s l op tanks u s ed as a c a s c ad e  system , wh i c h  a l l ows f u r th e r  
s e t tl i ng and red uc t io n  o f  o i l  con te n t  o f  the  wa s te wa t e r  tha t may b e  
d i scharged ove rboard . The shape and con f ig u r a t i o n  o f  t h e  s l op 
tank , the pos i t ion ing o f  i n l e t s , o u t l e t s , ba f f l e s , o r  we i r s  i n  t he 
t ank , and the use  o f  he a t i ng co i l s  and chem i c a l  f l oc c u l an t s h e l p  to 
avo id e x ce s s ive t ur b u l e nce and e n tra i nmen t  of o i l  w i th the  wa t e r , 
thereby reduc i ng the o i l  conte n t  o f  the d e can ted wa t e r  d i sc ha rg ed 
to the sea . 

Eve n t u al l y  a l l tankers w i l l  be f i t te d  w i t h  an o i l  con t e n t  
mon i to r i ng arrangemen t  to c h e c k  t he pur i ty o f  a n y  wa t e r  d i sc h arg ed 
d i r e c t l y  to the sea  f rom the s l op tank s . Also , e f f e c t i v e  o i l /wa te r  
i n terface  d e t e c to rs are be ing cons ide red f o r  rapid and a c c u r a te 
d e t e rm ina t io n  o f  the  o i l/wa ter i n te r f ac e . 

A more r e c e n t  te chn ique to g a i n  gr e a t e r  con t ro l  over tank wash­
i ng s  and o i l y  b a l l a s t  b e i ng d umped in the oceans is the i nd u s try­
d ev i sed c rude o i l  wash i ng sys tem . Th i s  is a cargo ta nk c l ean i ng 
sys tem i n  wh i c h  crude o i l  i s  the was h i ng med i um .  Crude  o i l  i s  
d i s ch arged through f i xed tank wa sh i ng ma ch i n e s  pos i t i on e d  so tha t  
o i l  imp i ng eme nt o n  tank b u l kh e ad s  and i n te rnal s tr u c t u r e  c l e a ns o f f  
the s l udge a nd o i l  r e s i d ue rema i n i ng i n  the t a nk a f t e r  the  c a rgo i s  
d i sch arg ed . The spray a c t ion and s ub s eq ue n t  run- d own p u t  the sem i ­
so l id o i l y  r e s i d u e s  b ack i n to l iq u i d s u s pe ns ion so t h a t  th ey c a n  b e  
c o l l e c t ed , a l o ng w i th the c rude o i l  u sed i n  the was h i ng proce s s , 
and then d i scharged as pa r t  o f  the cargo . C rude o i l  wa s h i ng i s  
d one d u r i ng t he c a rgo d i scharg e  ope ra t ion . 

Crud e o i l  wa s h i ng s ys tems req u i re that  the v e s s e l  b e  f i t te d  
w i th wa sh i ng mach ine s that  are f ix ed in  place a n d  p ermanen t l y  
connec ted t o  the c argo p ump i ng sys tem . A v e s se l  u s i ng crude  o i l  
wa sh ing mus t b e  equ ipped w i t h  an iner t gas sys tem t o  ma i n t a i n  th e 
c arg o tanks i n  an i n e r t  cond i t ion d u r ing the wa sh i ng ope ra t i o ns . 
The c argo d i sch a rg ed i n c l ud e s  mo s t  o f  the tank c l i ng a g e  and s l udg e 
and thus r e d u c e s  tank r e s i d ue s . 

Th e I n te r n a t ional Co nference  on Ta nke r S a f e ty a nd Po l l u t io n  
Preven t io n  wa s convened und e r  t h e  a u s p i c e s  o f  I M C O  i n  Lond o n , 
February 1 9 7 8 ,  i n  r e spon s e  to The Pr es i d e n t ' s  i n i t i a t iv e  o n  o i l  
pol l u t ion announced i n  March 1 9 7 7 .  The ba s i c  u.s. i n i t ia t ive s , a s  
p ut fo rward to IMCO , s temmed f rom a s e r i e s  o f  tanke r acc i d e n t s  t h a t  
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occ urred i n  or n e a r  U . S .  wa ters d ur i ng the w i n te r  o f  1 9 7 6 - 1 9 7 7 ,  and 
that resul ted in  both l o s s  o f  l i fe and prope r ty and thre a t  o f  
s e r i ous pol l u t ion . Th e Por t  and Tanke r Sa f e t y  Ac t o f  1 9 7 8  
u n i l a te r al l y  r equ i re s  tha t seg regated bal l a s t , c l ean bal l a s t , o r  
c r ud e  o i l  wa sh i ng be p rov id e d  by Jun e 1 9 8 1 for e x i s t i ng c r ud e  o i l  
tanke r s . New t anke r s  wi l l  be requ ired to have both seg reg a te d  
b a l l a s t  and c r ud e  o i l  wa sh i ng . 

• Seg regated b a l l a s t  tank r e g u l a t ion s requ i r e  b a l l a s t  tanks 
tha t are compl e te l y  s epara ted f rom the c argo o il and f ue l  
systems and tha t are pe rman e n t l y  a l l oc a ted for t h e  c arr i ag e  
of  wa te r bal l a s t . Enoug h segrega ted bal l a s t  c apa c i ty m u s t  
b e  prov i d ed t o  enable t h e  ve s s e l  t o  mee t  spec i f i c  m i n imum 
d ra f t  and max imum t r im requ i remen t s  in any b a l l a s t  cond i­
t ion . The i n te n t  of t h i s  requ i r emen t is to p rov id e ve s s e l s 
wi th e noug h seg reg a ted bal l a s t  capac i ty so tha t the  sh i p  may 
b e  opera ted s a f e l y  o n  bal l a s t  v oyag e s  wi t h o u t  p u t t i ng wa te r 
bal l ast i n  c arg o o i l  tanks e x cept i n  un u s ua l l y  s e v e r e  
we ather . 

• The d ed ica ted c l e an b a l l a s t  tank concept c a n  b e  u s e d  a s  an 
opt io n  on e x i s t i ng prod uc t  carr i e r s  and as an i n te r im me ans 
o f  pha s i ng i n  the segrega ted ba l l a s t  tank/c r ud e  o i l  wa s h i ng 
opt ions o n  e x i s t i ng crud e  o i l  carr i e r s . Th e c l ean b a l l a s t  
tank conce p t  wo uld requ ire a v e s s e l  t o  c l e an c e r t a i n  tanks 
that  wo u l d  no rma l l y  be used to c ar ry c argo and d ed i c a te 
these  tanks so l e ly to the carr i ag e  o f  c l e an b a l l a s t  wa t e r . 
On l y  enough tanks are s e t  a s id e  a s  bal l as t  a s  a r e  n e c e s s a ry 
to mee t the  d ra f t  and tr im requ i reme n t s  o f  the  segreg a te d  
bal l a s t  concep t . 

( i i )  C o n t ro l  o f  B i lge L iq u i d s  and O th e r  Wa s te s  

Eng i ne room b i l g e s  o n  a l l type s o f  v e s s e l s ,  l ar g e  o r  smal l , 
almo s t  a l ways conta i n  o i l , and in  the pa s t  they were p umped ove r ­
boa rd . Current  r e g u l a t ions proh i b i t  t h i s  pr ac t i ce and sys tems a r e  
requ i red on board to t r e a t  the  b i lg e  wa ter pr ior to d i sc h a rg e . 
Al terna t iv e l y , the  wa s t e  c an be re ta ined i n  a ho l d i ng tank f o r  
d i scharge i n to a t e r m i n a l  rece i v i ng f ac i l i ty . 

Although o i l  pol l u t ion f rom an ove r f l o w  o f  a c argo o r  bunker 
tank i s  o f te n  a t t r i b u t a b l e  to  care l e s s ne s s , i n a t te n t i o n  to  pr e ­
scr ibed proced ure s , or h uman e rror , a n umb e r  o f  i nnova t io n s  have 
b een d ev e l oped to  mi n im i ze h uman error . Ne w tanke r s  con ta i n  a 
central  con t rol room f rom wh ich the  opera to r  c a n  remo te l y  con t ro l  
every c argo valve o n  t h e  v e s se l , s top a n d  s t a r t  t h e  p umps , a nd , 
thro ug h  r emo te i n s t r ume n ta t io n , observe the e x ac t  l e v e l  o f  the  
c argo in each tank . Th e o f f i ce r  in  charg e i s  a l so e q u i pped w i th 
VHF rad io so as to be i n  con s tant c ommun i c a t i o n  both w i t h  the 
s hore s id e  control towe r a t  the l oad i ng or d i s ch a rg i n g  t e rm i n al and 
with the me n on d e ck . In  the i n te re s t  o f  improv i ng c ommun i c a t ions , 
the s h ip ' s  o f f i c e r s  and crew are e q u i pped w i th two-w ay rad i o s  to 
ma inta i n  con s tan t con tact  w i t h  the c e n t r a l  control  room and e ac h  
o the r . Th e comb i n a t i o n  o f  a central  control room w i th i n s t a n t  
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c ommun i c a t i o n  aboard the v e s s e l  and wi th the shore s i d e  i n s t a l l a t io n  
prov ide s  pos i t ive con t ro l  o f  c argo trans f e r  ope ra t ion s . 

Mar ine e q u i pmen t  man u f a c t ur e r s  con t in ue to improve the i r  p ro d­
u c t s  g en e r a l l y  and have d ev e l oped new f o rm s  o f  s pe c i f i c  a s s i s tance 
to  the pe t ro l e um i nd u s try i n  a n umbe r  of  area s , p a r t i c ul ar ly i n  th e 
f ie l d  o f  e l e c t ron i c s . Ve s s e l s  are equ i pped w i th i n st r ume n t s  tha t 
i nd icate  l o a d s  and s tre s se s . Closed c ir cu i t  t e l e v i s i o n  c a n  be u se d  
t o  mon i to r  ma c h i n ery . Au toma t i c  or remote c o n t r o l  d ev i c e s  a id i n  
a l l  aspe c t s  o f  t h e  ve s se l ' s  ope ra t ion s . 

Coa t i n g s  to pro t e c t  aga i n s t  corro s ion h ave b e e n  g re a t ly i m­
p roved in recen t ye a r s , w i t h  the r e s u l t o f  b o th a n  add ed s a f eg uard 
aga i n s t  s te e l  d e t e r i o r a t ion and the s impl i f i ed c l e an i ng o f  tanks . 
Even w i th the s e  pr e c a u t i o n s , o i l po l l ut io n  may o c c u r  f r om f r a c ture s 
in  s he l l  p l a t i ng c a u s ed by he avy we athe r ,  wh i c h  c a n  b e  ne i ther 
avo ided nor i t s  e f f e c t s  control l ed . 

The re spo n s i b l e  e l em e n t s  o f  the pe trol e um i nd u s t ry m a i n ta i n  
eng i n e e r i ng s ta f f s , i nspec tor s , and pro fe s s ional s h i pboa rd pe r­
sonnel to c ar ry o u t  pr ev e n t i v e  ma intenance aboard sh i p  a nd to 
ens ure t h a t  appropr i a t e  i n s pe c t ions and r e pa i r  are ac comp l i s hed in  
d rydoc k . Th e  U . S .  Coa s t  Gu ard enfo rce s l aws g ove r n i ng the  s a f e ty 
o f  U . S .  s h i pp i ng by e x am i n i ng and appro v i ng a l l  l i fe s a v i ng appar a ­
t us , a nd b y  i n spe c t i ng each U . S .  f l ag ve s s e l  a t  s pe c i f ie d  i n ter­
val s , i n c l ud i ng a spec i a l  h u l l  and mac h i n e ry s u rvey e ve ry f o u r  
ye ars . Hu l l  and mach i n e ry i n s ur ance und e rwr i te r s , a l o ng w i t h  the 
var ious c l a s s i f i c a t io n  soc ie t ie s , are con s ta n t l y  s e e k i n g  ways to 
improve equ i pmen t  and ope r a t i ng proced u re s . Al thoug h reg u l a t io n s  
and proc e d ure s f o r  the  i n s pec t ion o f  a l l  ve s se l s  h a v e  b e e n  in 
e f fe c t  fo r a l ong t ime , the ope r a t i ng cond i t i o n  of v e s se l s  h a s  b e e n  
improved by t h e  ag re emen t  t o  i n t e rna t ional s tand ard s appl i c a b l e  t o  
a l l  ve s se l s , r eg ard l e s s  o f  ownersh ip or f l ag o f  reg i s try . Fo r 
exampl e , i n terna t ional  ag r e emen t has been reached a s  to t h e  max imum 
t ime a ve s s e l  i s  a l l owed to rema i n  in  s e rv i c e  b e twe e n  d ryd ock i ng s ; 
th i s  has improved ma i n tenance worldwid e . 

Ano ther are a i n  wh i c h  memb e r s  o f  the  o i l  i nd u s t ry , a s  o wn e r s  
a nd ope r a to rs o f  tanke r s , h av e  a maj or i n te r e s t  i s  i n  the d e s ig n  
and con s tr uc t ion o f  equ i pmen t .  One ob j e c t i ve i s  to avo id o r  l e s se n  
the e s c ape o f  o i l  o r  o ther nox ious prod u c t s  i n  the  ev e n t  o f  s tr a nd ­
i ng o r  c ol l i s io n . S h i p s  s u f f e r i ng s tr u c t u r a l  d amag e b e c a u s e  o f  s e ­
vere we ather or improp e r  l oad ing o r  d i sc harg i ng o f  c ar g o  h a s  l ong 
been a concern to s h i p  owner s , b u i ld e r s , and t h e  c l a s s i f i c a t io n  
soc ie t i e s . 1b ove rcome the se probl ems , a n umber o f  s e l ec t ,  v ery 
l arge ve s s e l s  of a l l  type s h ave been f i t te d  w i t h  b u i l t- i n , 
con t i n uo u s-mon i to r ing s tr e s s  record e r s  that  m e a s u r e  the e f fe c t s  o f  
wave ac t ion on t h e  h ul l  i n  add i t ion to t h e  e f f e c t  o f  s tr e s s  c r e a te d  
by the d i s t r ib u t io n  o f  c argo wi th i n  the h ul l . Th e a c c um ul a te d  
in forma t io n  rece ived f rom t h e  con ti n uo u s  mon i to r i ng o f  t h e  s tre s se s  
e x e r ted upo n  the v e s se l s  h a s  prov i d ed t o  naval a r c h i te c ts a nd the 
sh ipbu i ld i ng i nd u s try v a l uable  in forma t ion i n  the  d e s i g n  and co n­
s tr uc t io n  of v e s s e l s  c apa b l e  o f  wi ths tand ing g re a t e r  s t r e s s . 
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( i i i )  N av i g a tion Tech n i q u e s  and 
Manpowe r Tra i n i ng 

Traf f i c  s epara t i on lanes have b e e n  e s t ab l i sh ed i n  s ome 
cong e s ted wa ters , b ot h  i n ternat iona l ly a nd dome s t i c a l l y , w i th 
encou rag i ng r es u l ts . W i d e r  u se of  th i s  t e c h n ique i s  b e i ng con­
s id e red . Prev iou s l y , u se o f  these l a ne s  had b e e n  vo l u n t a ry ;  
howeve r ,  manda tory u se h a s  b e e n  ad opt e d  i n  some a r ea s , i . e . , 
San Franc i sco , New O r l e a ns , Dov e r  S t r a i t s , a nd the  S t ra i t s  o f  
G ib ra l t a r . Tod ay , v i r t ual l y  al l ta nke rs a r e  eq u i pped w i th two 
radars as a i d s  to nav i g a t io n . Sonar d oppl e r  eq u i pme n t  h a s  b e come 
an accep ted nav i g a t ional  tool b oth at sea and d u r i ng b e r th i ng 
ope rat ions . The v a r i o u s  shore-b ased s u r f ac e  e l e c t ron i c  nav i g a t io n  
d ev i c e s  [ Long range rad i o  navigat ion ( LORAN ) ,  De c c a , S a t e l l i te 
nav i g a t ion , Omeg a ]  h ave proved i nval uab le a i d s  to nav i g a t io n . 
Bridge- to-b r idge commun i ca t ions have a l so impro ved the  s a f e ty o f  
nav i ga t io n  i n  narrow wa t e r  pas sage s . 

An important  approach i n  red u c i ng ma r i ne po l l u t ion f rom wa te r­
b orne comme rce i s  to improve the tra i n i ng o f  t a nke r , b a rg e , a nd 
t e rm i nal pe rsonne l and to improve tes t i ng a nd c e r t i f i c a t io n  pro­
cedures to ensure that  s u ch per sonn e l  h ave the n e c e s s a ry s k i l l s . 
The import a nce of  ad eq u a t e l y  t r a i ned personnel i n  ma r i ne trans­
port a t ion sys tems is  g r aph i c a l l y  demo n s t r a t e d  b y  acc i d e n t  s ta t i s ­
t i c s . u . s .  Coa s t  Guard s tud i e s  have i nd i c a ted t h a t  8 5  p e r c e n t  o f  
a l l  casua l t i es are r e lated  t o  h uman e rror . H i g h e r pe rsonn e l  s t a n­
dard s  augme nt the po l l u t ion ab a teme nt e f fe ct o f  improv e d  h a rdware 
s i nce h igher leve l s  of te chno l ogy w i l l  requ i re i mprovemen t  in the 
knowledge a nd capab i l i t i e s  o f  opera t i ng pe rsonnel  b o t h  in the 
ves sel ' s  c rew a nd at the t e rm i n al . Wh i l e  the  d e g re e  of e nv i ron­
me ntal i mpa c t  m i t ig a t ion a t t r ib u ted to t ra i n i ng ca nnot be q ua n t i­
f i ed , i t  wou l d  fo l l ow th a t  more i n tens ive and forma l i ze d  t ra i n i ng 
prog rams and mo re r i go rou s exam i nat ion and c e rt i f i c a t i o n  proced u r e s  
w i l l  re s u l t  i n  a ma j o r  r e d u c t ion of pol l u t i on i n c i de n t s . 

Both i nd u s try a nd the  federal  gove r nme n t  have c oope rated  i n  
tra i n i ng prog rams to u pg rad e pers onne l compe tence . The U . S .  Coas t 
Guard , Ma r i t i me Adm i n i s trat i on ( MARAD ) ,  a nd EPA a l l  h ave c u r r e n t  
educat ional and t ra i n i ng prog rams r e l a ted to ma r i ne po l l u t ion 
aba teme n t . Forma l t ra i n i ng prog rams f o r  me r c h a n t  ma r i ne pe r sonne l 
are o f fe red i n  a va r i e ty o f  fac i l i t i e s , b ot h  pub l i c  a nd p r i va te . 
The ma j or i ns t al l a t ions are th e u . s . Mer chan t Ma r i ne Acad emy , op­
era ted by MARAD , s i x s ta t e  ma r i t ime acad em i e s  and c o l l e ge s , t h e  
three reg ional  tra i n i ng cente rs ope rated b y  MARAD , a nd the  s e ve ral  
i nd u s try t r a i n i ng c e n t e rs ope rated und e r  the  j o i n t tru s t e e s h i p  of  
pa r t i c u lar ma r i t i me un ions and s teamsh i p  c ompa ny g roups . All  of  
the s e  i ns tal l a t ions are i n  c lose contac t w i th the U . S .  Coas t G u a rd 
and MARAD , w i th part i c u la r  concern for upd a t i ng c u r r i c u lum con t e n t  
i n  keep i ng w i th t h e  need f o r  new ski l l s and knowled g e , wh e t h e r  
req u i red b y  reg u lat ion or not . 

The u . s . Me rcha n t  Ma r i ne Acad emy , ope r a t ed a s  a f u l l y  ac­
c red i ted col lege b y  MARAD for the ed uca t ion and t ra i n i ng of  new 
eng i nee r i ng a nd deck o f f i c e r s , o f fe rs an e nv i ro nme n t a l  po l l u t i o n  
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contro l  course cons i s t i ng o f  two 1 0 -we ek s e s s i o n s . The Ma r i t ime 
In s t i t u te of Grad uate  S t ud ie s  l oc ated at L i th i c um ,  Maryl and , o f f e r s  
a r e fr e sh e r  tr a i n i ng cour se t o  merchant ma r in e  o f f i c e r s  i n c l ud i ng 
s imula ted radar e x e rc i se s , c a rg o  hand l ing , and eng i n e  room c o n t ro l  
f rom a central i ze d  con trol pane l . 

Sh i ph and l i ng s im u l a to r s , a key compo ne n t  o f  t r a i n i n g  prog r ams , 
are loca ted a t  t h e  U . S .  Merchan t Mar ine Ac ad emy , K i n g s  Po i n t , New 
Yo rk ( spo nsored by MARAD ) ,  a nd at Mar ine S a fe ty I n te r n a t i onal , 
Inc . , i n  New York ( an i n d u s t ry schoo l ) .  The s h i ph a nd l i ng s im u ­
l ato rs a r e  a moc k up o f  a l i fe-s i ze s h i p ' s  b r i d g e  s u r round ed by a 
pro j e c t ion scree n . Pro j e c t ed on the s c r e en are imag e s  o f  a s h i p  
e n te r ing spe c i f i c  po r t s  o r  harbors en route t o  a par t i c ul ar te r­
m i n a l  s i t e . The opera t i ng charac te r i s t i c s  o f  the  ve s se l  ar e 
reprod u c e d  in the s lm u l a to r . Co n tro l chang e s  mad e by the  s h i p ' s  
of f i c e r s  on the  mockup br idge w i l l  p rod uc e chang e s  i n  the  p ro j ec ted 
imag e on the  sc reen . Th e s im u l a tor i s  prog rammed to va ry we a th e r  
cond i t ions , t ime o f  d ay ,  d epth o f  wa te r ,  pec ul i ar i t i e s  o f  c h anne l s , 
and t ra f f i c  pa t te r n s . 

MARAD ' s  Na t ional  M a r i t ime Re se arch C e n t e r  a t  the  u.s .  Me r c h a n t  
Mar ine Ac ad emy h a s  coope ra ted w i th the u.s. Coas t Guard i n  a ma j o r  
rev i s io n  o f  the Tanke rman Manua l , a U . S .  Co a s t  Guard pub l i c a t i o n  
spec i f i c a l l y  d e s igned to c o v e r  the f ie ld o f  knowl e d g e  f o r  the  
spe c i a l  ski l l s  r eq u i re d  on board tank v e s s e l s . 4 0  Th e b a s i c  re­
qu i rements  for t he s e  sk i l l s  are  spec i f i ed in  Ru l e s  and Reg u l a t i on s  
f o r  L i cen s i ng and Ce r t i f i c a t i o n  o f  Me rchant Mar i n e  Pe rsonn e l . Th e 
Tankerman Manu a l  cove r s  n e w  technolog i e s , n e w  oper a t ional proc e ­
d ur e s , a n d  po l l u t ion contro l , i n  ke ep i ng w i th the  i n te n t  o f  the  
l aws and reg u l a t ion s . The  manual con s t i t u t e s  a b a s i c  re f e r e n c e  
wo rk i n  t h e  f i e l d , h a s  d i re c t  u s e  as a course te x t  i n  f o rm a l  tra in­
i ng prog rams for s e a f ar e r s  e nd e avor i ng to acqu i r e  a " Tankerman " 
r a t i ng , a nd i s  the sou r c e  fo r d e v e l opme n t  o f  e x am i na t ion que s t i o n s  
f o r  i s s ue s  o f  the ra t i ng d o c ume n t . 

Wi th spec i f i c re f e rence to the env i ronme n t a l  p ro te c t ion c o u r se 
d e s i g ned f o r  sea farer s and t e rm i nal personne l , MARAD i s s ue d  in  
Oc tob e r  1 9 7 5  its  Curr i c ul um o n  Mar in e  Pol l u t io n  Aba teme n t  and has 
prepared a po l l u t io n  aba teme n t  manua l , wh i c h  is  ava i l ab l e  to a l l  
e x i s t i ng mar i t ime tra i n i ng f ac i l i t i e s . 

I n  MARAD ' s  reg ional o f f i c e s , o ng o i ng s ho r t  cours e s  are o f fe red 
to act ive merchant mar i ne rs in col l i s io n  avo i d a n c e  r ad a r , LORAN , 
f i re f ig h t i ng , a nd damage contro l . S i nc e  1 9 7 1 , the  u.s. C o a s t  Guard 
has req u i r ed t h a t  a l l l i c e nsed d e ck o f f i c e rs s a t i s f a c to r i l y  d e mon­
s trate the i r  c apab i l i t i e s as q ua l i f i ed radar ob s e r ve r s . 

c .  Mar i n e  D i spo s a l  F ac i l i t i e s  

Where ad equate f ac i l i t ie s  f o r  d i spo s a l  o f  o i ly wa s te s  a r e  no t 
ava i l ab l e , t hey m u s t  be prov i d ed a t  term i n a l s ,  sh i pyard s , and 
mar ine f ac i l i t ie s . A s h i pma s te r  mus t d i spose of the s h i p ' s  wa s te 
i n  ord e r  to ma i n t a i n  h i s  v e s s e l  i n  a cond i t io n  nec e s s i tated by the  
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nat ur e  o f  the trad e . The r e fo re , the g r e a te s t  s i ng l e  s t e p  toward 
c ur b i ng th i s  c a u s e  of o i l  pol l u t ion wo u ld be to prov i d e  s u f f i c i en t  
f a c i l i t i e s  a t  term i n al s ,  s h i pya rd s , and othe r mar i n e  fac i l i t i e s  to 
hand l e  d i s po s a l  o f  both o i l  s l op and col l e c ted re s i d u e  ( s uch as 
wax e s  and ru s t ) .  

Mo s t  sh ipya r d s  h ave b e e n  s l ow to prov i d e  ad equa te tank-c l e a n i ng 
and s lop-d i s po s a l  f ac i l i t ie s . For t una te ly , t h e r e  i s  a g rowth o f  
new serv i c e  compan ie s d ed i c a ted to the col l e c t io n  o f  r e s i d ue s  from 
ve s s e l s  and s h ipyard s . Th i s  ac t iv i ty i s  a r e s u l t  o f  the  e v e r  i n­
c reas i ng value o f  pe trol e um ,  wh ich more than c omp e n s a t e s  for the 
cost o f  col l e c t io n . The e sc a l a t ing pr i c e  o f  o i l  i s  a s ig n i f i c an t  
facto r  contr ibu t i ng to the reduc t ion o f  th i s  po l l u t i o n  s o u r c e . 
Me thods to e n s ure prope r hand l i ng o f  a l l  o i ly wa s t e s  s ho u ld b e  
e stabl i shed fo r al l sh i ps , r eg a rd l e s s  o f  own e r s h i p  o r  reg i s try . 
Wi thout adherence to s uc h  me thods and the ava i l ab i l i t y  o f  ad e quate  
d i spo s a l  fac i l i t i e s , imprope r d i spo sal wi l l  con t i n ue to cause  
pol l u t io n . 

Many re f inery mar ine t e rmi nals  h ave b a l l a s t  and tank-wa sh i ng 
reception fac i l i t i e s . The s e  fac il i t ie s  typ i c a l l y i nc l ud e  a ho l d ing 
tank and appropr i a te p i p i ng to rou te the rece ived wa t e r  to wa s t e­
wa ter tre atm e n t  fac i l i t i e s  b e fore d i sc harge . Th e bal l a s t  tank 
prov id e s  s urge capac i ty to a l l ow the terminal  to q u i ck l y  r e c e ive a 
l arge quan t i ty o f  wa te r and d i s c harg e i t  to a t r e a tme n t  sys tem a t  a 
con t ro l led rate . Bal l a s t  tanks are a l so typ i c a l l y  e q u i pped to s k im 
o i l  from the wa ter s ur face i n s id e the tank . The se fac i l i t ie s  are 
d e sc r ibed i n  mor e  d e ta i l  i n  Chapter Three . 

D .  O i l  S p i l l  Compe n s a t ion 

The pe t role um i nd u s try a l so recog n i z e s  t ha t , e ve n  wi th the  im­
p l ementa t io n  of a w i d e rang e of acc i d e n t-pr ev e n t i o n  prog ram s , i t  i s  
unre a l i s t i c  to a s s ume that  tanker mi shaps w i l l  n e v e r  happe n . I t  i s  
t he re fore increas i ng ly impo r tan t  to b e  c e r ta i n  tha t tho s e  r e spon­
s i ble  for a s p i l l  c o n ta in i t  and c l e an i t  up q u i ck l y . Promp t com­
pens a t io n  fo r tho s e  who s u s t a i n  d amag e is equa l ly impo r ta n t . 

Be fo r e  the Torrey C a nyon inc id e n t  i n  1 9 6 7 ,  n o  ad equa te n a t i onal  
or in ternat ional legal  reg ime s e x i s ted to compe n s a te v i c t im s  of  o i l  
pol l u t io n  d amag e o r  enab l e  g ove rnme n t s  to recov e r  cos t s  i nc u rred i n  
c l e an i ng u p  o i l  s p i l l s .  As a re s u l t  o f  in t e rn a t i o n a l  concer n , i n­
d u s try in t i t ia ted two volun tary p l a n s  ( TOVALOP a nd C R I S TAL ) to 
compen s a te for l o s se s and d amage s .  Add i t ional ly , t wo i n terna t ional 
p l an s  we r e  i n i t ia ted by IMCO - - t he C i v i l  L i a b i l i ty Co nv en t io n  
( C LC ) and t h e  Fund Conven t io n . 

1 .  TOVALOP 

TOVALOP ( Tanker Own e r s  Vo l un tary Ag reeme n t Conc e r n i n g  L i ab i l i t y  
f o r  Oi l Po l l u t io n ) i s  a tanker own e r s  ag reeme n t  und e r  wh i c h  e ac h  
own e r  i s  obl iga td e i th e r  t o  c l e an up an o i l  s p i l l  o r  t o  p a y  t h e  
c os t s  incurred b y  g ov e r nme n t s  f o r  d o i ng so . I t s  t e rm s  encourage 
prompt c l e a n up and c l a ims s e t t l emen t .  Tanker o wn e r s  a nd b a reboa t 
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cha r te r e r s  wh o have s ig ned th i s  ag reeme n t  c ar ry s pe c i a l  i n s urance 
to cover po s s i b l e  c o s t s . TOVALO P bec ame e f f e c t i ve i n  1 9 6 9  and 
cov e r s  9 9  p e r c e n t  o f  the wo r l d  tanker f l ee t .  

2 .  CRI S TAL 

CRI STAL ( Con tract Reg a rd i ng a n  I n te r im S uppl eme n t  to Tanke r 
L i ab i l i ty for O i l  Pol l u t ion ) i s  a cargo owne r s  con tra c t  t o  prov i d e  
s uppleme ntal c ompe n s a t io n  for tanke r owne rs ' c l e anup cos ts and 
th i rd -pa rty d amage c l a ims a f t e r  remed i e s  ava i l ab l e to c l a imants 
f rom othe r reg ime s h ave been exhaus ted . Memb e r  o i l  c ompa n i e s  
contrib ute t o  a f und b a s ed o n  e a ch compa ny ' s  a n n u a l  o i l  moveme n t s  
or trans fers . T h e  f und i s  ma i n ta i ned a t  b e tw e e n  $ 3  m i l l i o n  a nd 
$ 5  m i l l ion . Whe n  the amount o f  money i n  the f un d  f a l l s  b e l ow spe­
c i f i ed l e ve l s , i t  is repl e n i shed b y  " c a l l s "  o n  the pa r t i c i p a n t s . 
CRISTAL b ecame e f fe c t i ve i n  1 9 7 1 . 

3 .  I MCO C i v i l  L i ab i l i ty Conve n t ion 

The IMCO C LC c ame i n to force in June 1 9 7 5  and to d a te has bee n 
r at i f i ed by 3 4  n a t io n s . It  impo s e s  l i ab i l i ty o n  sh i p  o wn e r s  fo r 
c l e anup ; i t  a l so cove r s  t h i r d-party d amage c l a ims . 

4 .  I MCO Fund Conve nt ion 

Th e IMCO I n t e r n a t ional Conven t io n  o n  the E s ta b l i shme n t  of a n  
In te r nat ional Fund f o r  Oi l Po l l u t io n  Damag e ( the Fund Conv e n t i on ) ,  
ad opted i n  1 9 7 1 ,  c ame i n to force i n  Oc tobe r 1 9 7 8 .  The Fund Co n­
v e n t i o n  wou l d  s uppl eme n t  C LC . It wo u l d  al so ind em n i f y  t anke r 
owners s ub j e c t  to C LC f o r  a por t ion o f  the i r  C LC l i ab i l i ty .  Th e 
s i ze o f  the IMCO f un d  -- the money on hand to pay c l a ims - - i s  
d e te rmined b y  f o rm u l a and w i l l  b e  ma i n ta ined a t  be t we e n  $ 3  m i l l ion 
and $ 5  mi l l ion . 

Whe n  the vol un tary r eg ime s we re i n i t i a l l y d ev e l ope d , i t  wa s 
though t that  they wo uld no longer be needed whe n C L C  a nd the  Fund 
Conv e n t i o n  c ame i n to f o rce . Bu t the IMCO conve n t i o n s  a r e  only 
appl icable  to sp i l l s  i n  the wa te r s  o f  or a f fe c t i ng the  t e r r i tory of  
n a t ions tha t have r a t i f i e d  the conven t io n . TOVALOP a pp l ie s to any 
sp i l l , no ma t te r  whe r e  i n  the wor ld i t  oc c ur s , a s  long a s  the t a n ­
ker owner i s  a par t i c ipan t i n  TOVALOP .  So the v o l u n tary reg ime s 
w i l l  con t i n ue to pl ay an impo r tant role i n  areas whe r e  g ov ernme n t s 
h ave no t ye t r a t i f i ed the IMCO c onven t ions . 

Le v e l s  o f  compe n s a t i o n  fo r o i l  po l l u t io n  by t h e  vol un t a ry p l an s  
and conven t io n  requ i r emen t s  are as f o l l ows : 

• TOVALOP - - Now cover s  pol l u t ion d amage i n c l ud i n g  mea s ur e s  
take n t o  m i t ig a te d amag e or remove t h r e a t  o f  d amag e up t o  
the  l e s s e r  o f  $ 1 4 7 p e r  g ro s s  reg i s tered ton o r  $ 1 6 . 8  m i l l ion 
pe r i n c id en t . 

• CRISTAL - - Pr ov id e s  s uppl eme n ta l  cov e r ag e  to TOVALOP w i th 
max imum l i ab i l i ty o f  $ 3 6  m i l l ion per i nc id en t . The re i s  a 
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prov i s io n  fo r the member s h i p to i n c r e a s e  the l im i t  up to $ 7 2 
m i l l ion i f  e xper i e nc e s  i nd i c a te that  t h e  $ 3 6 m i l l ion f i g ur e  
is  i n ad equa te . 

• CLC -- Prov id e s  l i ab i l i ty coverag e , i n  tho s e  coun t r i e s  tha t 
have ra t i f i ed the conve n t io n , up to a max imum o f  $ 1 6 . 8  
m i l l io n  pe r inc id e n t  ( wh i ch i s  s im i l ar to TOVALOP l im i t s ) . 

• Fund Co nv e n t i o n  - - I n i t i a l ly prov i d ed l ia b i l i ty c ov e rage 
s uppl eme n t a l  to C LC ,  i n  those  coun tr i e s  t h a t  have r a t i f ie d  
t he conv e n t ion , u p  to a max imum o f  $ 3 6  m i l l ion pe r in c id en t . 
Shor t l y  a f te r  the  conv e n t ion c ame i n to f o rc e , the upper 
l im i t  wa s ra i sed to $ 5 4 mi l l io n . Ad d i t io n a l ly , the  conven­
t io n  g ran ted to the f und the r ig h t  to i nc r e a s e  the l imi t 
to $ 7 2 mi l l ion wh e n  such  a c t io n  wa s d e emed appropr i a te . 

Th e cost of  compe n s a t i ng c l a iman ts for po l l u t i o n  d amag e h a s  
r i sen s te ad i l y  and t h e  l imi t s  ad opted i n  1 9 6 9  n e e d  r e-eva l u a t io n . 
In recog n i t ion of  th i s  probl em , i nd u s try a nd the l e g a l  c ommi ttee  o f  
IMCO h ave been s t ud y i ng e x i s t i ng l im i t s  w i t h  a v i e w  toward i n­
c re a s i ng the max imum l im i ts . In t h i s  connec t io n , t h e  u.s. S t a te 
Depar tme n t  convened a s ubcomm i t te e  mee t i ng in  e a r l y  Jun e  1 9 8 1  fo r 
t he pur po se o f  d e v e l op ing recomme nd a t i o n s  to the IMCO a s sembl y . 
The pe t ro l e um i nd us t ry s uppo r t s  the e f fo r t s  to i nc re a s e  the  co n ­
vention l im i ts , b u t  d oe s  no t f a v o r  chang e s  i n  TOVA LO P  a nd C R I S TAL 
l im i t s  if  these  wo uld red uce i nc e n t ives for c o un t r i e s  to r a t i f y the  
conven t i on . 

Th e Un i ted S t a te s ' record on r a t i f i c a t ion o f  IM CO-r e l ated in­
ternat ional conven t ions is  very g ood . The o u t s tand i ng e x c e p t ion t o  
t h i s  g ood record i s  t h e  u.s. f a i l ur e  t o  r a t i fy t he 1 9 6 9  C LC a nd the 
1 9 7 1  Fund Conven t io n . The pe t role um ind u s t ry h a s  c o n s i s te n t l y  s u p­
por ted u.s. r a t i f i c at ion o f  t he se two IMCO c onve n t i o n s  s i n c e  1 9 7 5 ,  
when impl eme n t i ng l e g i s l a t ion for the C L C  and Fund Conv e n t io n  wa s 
c on s id ered by Cong re s s  b u t  n o t  r a t i f ie d . 

Th e probab i l i ty o f  u.s. r at i f i c a t io n  o f  the se two conv e n t i o n s  
has d e c l i ned i n  t h e  r e c e n t  p a s t  a s  a re s u l t  o f  the  Amoc o  C ad i z  
i nc id e n t  and other  ma j o r sp i l l s . The s e  spi l l s spurred a move i n  
the Un i te d  S t a te s , Franc e , and some othe r coun t r i e s  t o  i nc r e a s e  
l iab i l i ty l im i t s  we l l  above tho s e  i n c l ud ed i n  C LC a nd t h e  Fund 
Conven t io n . 

The r e a sons for i n d u s t ry s uppo r t  for u . s .  ra t i f i c a t io n  are : 

• Un i fo rmi ty i s  the key to s ucce s s  i n  d e a l i n g  w i th i n te r­
na t i onal prob l ems . Oi l po l l u t i on o f  the s e a s  i s  an in­
ternat ional probl em and should be d e a l t  w i th on a b road 
base o f  i n te r na t io na l ly ag reed and accep ted reg ime s . 

• The Un i ted S ta t e s  pl ayed a l ead ing ro l e  i n  d e v e l opme n t  o f  
the s e  conve n t ion s . u.s. fa i l ure to ra t i f y  t h em over a 
1 0-ye ar pe r iod has  tended to und e rm i n e  s uppo r t  and d e l ay 
ra t i f ic a t io n  i n  o t h e r  c o un tr ie s . A l t h o ug h  the  F und 
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Co nv e n t i o n  e n te re d  i n to force i n  Oc tob e r  1 9 7 8 ,  t he r e  are 
s t i l l  only 2 1  n a t ions that  have ra t i f i ed i t .  Th u s , i f  t h e  
Un i ted S t a te s c h o o s e s  no t to r a t i fy the s e  conve n t i o n s , i t  
wo uld abandon an i n ternat ional r e s pon s i b i l i ty a nd co u ld b e  
par ty t o  the col l apse o f  the se i n tern a t i o n al po l l u t io n  
l i ab i l i ty reg ime s . 

• The ra t i f i c a t io n  o f  the  conve n t ions wo uld f ac i l i ta te the 
i n t e r n a t i onal comme rce of the Un i ted S t a te s  by a s s ur ing a 
un i f o rm i n te r n a t ional l i ab i l i ty sch eme and a b road e r  marke t 
fo r obta i n ing th i s  type o f  l i ab i l i ty coverag e . 

V .  Onshore P ol l u t i o n  Control  and Preven t i on 

A.  Rou t i ne Wa s tewa t e r  D i s charges 

Th i s  se c t i o n  d i sc u s se s  the po l l u t io n  con trol and p r ev e n t i o n  
pra c t i c e s  a n d  f ed er a l/ s ta t e  r e g u l a t ions t h a t  are c ommon to var i o u s  
rou t ine ope r a t i o n s  a n d  onshore fac i l i t i e s  i n  t h e  sto rag e , t ran spo r­
ta t io n , and marke t i ng s eg men t .  Und e r  the C l e a n  Wa t e r  Ac t ,  f ac i l i­
t ie s  t ha t  t r e a t  and d i sc harge the i r  own wa s te wa te r  to nav i g abl e 
wa ters o f  the  Un i te d  S t a te s are s ub j e c t  to N P DE S  p e rm i t requ i r e ­
men t s . Tho s e  f a c i l i t i e s  t h a t  d i scharge to sewe r s  c o n n e c te d  to 
mun ic ipal s e we r  p l a n t s  do no t requ ire N PDE S permi t s , b u t  may h av e  
d i scharg e re s tr i c t io n s  impo sed b y  the mun i c ipal sewe r p l an t .  

Wa te r d i sc harg e f rom s to rg e , tran spo rta t io n , a nd marke t i ng 
fac i l i t ie s  d ur i ng no rma l ope r a t ions o r i g i n a te s  f rom t h r e e  ma i n  
areas : s ur f a c e  runo f f ,  o i ly wa te r , and wa sh wa te r . 

Sur f a c e  run o f f wa t e r  pr imar i l y  o r ig i n a te s f r om ra i nwa te r . I f  
i t  become s contam i n a te d , i t  may requ i re t re a tmen t  by o i l /wa t e r  
sepa r a t io n  be fore d i scharg e . 

Oi l y  wa te r o r i g i n a t i ng f rom the hand l i ng o f  l iq u i d  pe t ro l e um i n  
t h e  d i s t r i bu t ion sys t em r equ i r e s  o i l/wa te r  separ a t i o n  o r  f ur th e r  
treatme n t , d epe nd i n g  upo n t h e  pa r t i c u l ar appl i c a t i o n  a n d  d e g re e  o f  
contamina t io n . I t  o r i g i n a te s  f rom tank s , s l ab d ra in s , d r ip pans , 
pe trol eum s ump or sewe r  sys tems , and catch b a s i n s  und e r  l oad i ng 
racks for r a i l  tank c a r s  and tank trucks . A typ i c a l  marke t in g  
term in a l  sys tem i s  shown i n  F i g ur e  9 7 .  In th i s  f ig ur e , o il y  wa t e r  
i s  col l e c ted f r om c a tc h  ba s ins und e r  t a n k  trucks a t  t h e  l oad i ng 
areas . The o i l /wa t e r  m i x ture i s  g rav i ty fed  a s  the  i n f l ue n t  to an 
o i l/wa te r  separ a to r . Separa t ion o f  the o i l  and wa t e r  t a ke s p l ace 
in the separ a to r , a nd o il is sk immed f rom the wa t e r  s u r f a c e  and 
d i scha rged to a s l op tank for r e c l ama t ion . 

The separ a to r  e f f l uen t mus t  c omply w i t h  N P DE S  p e rm i t  requ ir e ­
ments . Wa te r requ i r i ng tre a tm e n t  f rom mar ine t e rm i n al ope r a t io n s , 
barge s , and tanke r s  i s  h a nd l ed in  a s im i l ar manne r ,  d e pe nd i n g  upon 
the e x t e n t  of contam i n a t ion . Wa te r from mar ine t e rm i n al appl i c a­
t ion s may requ i r e  f ur th e r  t re a tment s uch a s  a i r f l o t a t ion and 
c hem i c al f l oc cu l a t io n . 
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Was h  wa te r from t an k  trucks , r a i l  tank c ar s , b ar g e s ,  t an ke r s , 
and s t a t ionary s torage tanks may a l so requ i r e  trea tme n t  be fore 
d i scharge wa te r wi l l  me e t  app l icabl e perm i t  l im i t a t i o n s . Wa sh 
wa ters  f rom the s e  ac t iv i t ie s  i s  h igh l y  var i ab l e  a nd can be e xpec ted 
to conta i n  d e terg e n t s , c hem i c al s , O& G ,  a nd s us pe nd ed so l id s . 
Comme rc i a l  trea tme n t  sys tems are ava i l able  for s uc h  i nd i v i d ua l 
appl ic at ions tha t wi l l  norma l ly prod uce h ig h-q ua l i ty d i sc h a r g e  
wa te r . In some i n s t a l l a t ions s uch tre a te d  wa ter i s  re cyc l ed to 
e l im i n ate the need fo r d i sc harg i ng . 

In 1 9 7 6 ,  API  p ub l i shed the resul ts o f  a s urvey t h a t had been 
und er taken to d e t e rm i ne the phys i c a l  and opera t i ng c h a r ac te r i s t i c s  
o f  7 6  p e tro l e um marke t i ng te rm i nal s and the O& G c o n t e n t  i n  the i r  
wa s te wa te r  d i scharge s . 4 1  The r e port conc l ud ed that w i t h  g ood 
houseke e p i ng prac t ic e s  and a g rav i ty o i l /wa te r sepa r a to r  ( or i t s  
equ ivalen t )  a long-te rm me an O& G concen tr a t ion o f  1 7 . 5  mg/ 1  wa s 
a tta inabl e .  

1 .  N PDES P e rm i t s  

The C l ean Wa te r Ac t proh i b i ts the d i sc ha rg e  o f  po l l u t a n t s , un­
less author i zed by pe rmi t .  The pe rm i t  program for wa s te wa te r  d i s­
charg e i s  known as the Na t io nal Po l l u ta n t  Di sc harg e E l im i n a t i o n  
Sys tem . E PA wa s i n i t i a l ly a u t hor i zed t o  i s sue  N P DE S  p e rm i t s . How­
e ve r , the Cl ean Wa te r Ac t prov id e s  tha t the a u t ho r i ty be trans­
f e rred to the s ta te ag enc ie s ,  i f  they mee t  f e d e r a l  c r i te r i a . As 
o f  De cember 1 9 8 0 ,  3 3  s ta t e s  had NPDE S  a utho r i ty .  

In the event tha t  a s tate does  not r e c e ive f e d e r a l  approv a l , a n  
oper a to r  m u s t  apply for a p e rm i t  f rom E PA and , i n  some c a se s , f rom 
b oth E PA and the pa r t i c u l a r  s t a te . Ope r a to r s  hav i ng f a c i l i t i e s  i n  
more t h a n  one s ta t e  m u s t  o f te n  apply for bo th f ed e r a l  and s ta t e  
perm i ts . 

EPA h a s  not prom u l g a ted e f f l ue n t  l im i ta t i o n  g u id e l i n e s  f o r  pe­
tro l e um s torag e , transpo r ta t io n , and marke t ing f ac i l i t ie s . As a 
r e sul t ,  pe rm i t  cond i t ions we r e  d e te rm i n ed on a f a c i l i ty-by - f a c i l i ty 
ba s i s  by pe rmi t wr i te r s  u s i ng " be s t  pro f e s s ional  j udgmen t . "  W i t h ­
o u t  un i fo rm g u i d e l i n e s  f o r  cons i s te ncy , the seve r i ty o f  pe rm i t  
cond i t ion s vary . Some p e rm i t s  spec i fy l im i ta t ions a nd s ampl i n g  
requ i r emen t s  fo r pH , b iochem i c al o xyge n  d emand , c hem i ca l  oxyg en 
d emand , O&G ,  and to t a l  s uspend ed sol id s .  Othe r  p e rm i t s  spec i f y  3 0  
ppm monthly ave r ag e  o f  O&G based on one g rab sampl e pe r month , w i th 
e n fo rceme n t  mon i tor i ng r e q u i r i ng separate s amp l e s  a t  l e a s t  s ix 
hour s apa r t  and a v io l a t io n  occurr ing only i f  both s ampl e s  e x ceed 
the 3 0  ppm averag e . Because  i n  many case s g rab s amp l e s  are i n­
volved , some pe rm i t s  a l l ow 1 0  percent o f  the sampl e r e s u l t s  to b e  
d i scard ed f o r  r e por t i ng p ur po se s .  In  add i t io n , no p e rm i t  i s  r e ­
qui red to d i sc harg e uncontam i n a ted , untreate d  s to rm water . 

2 . Control Te chnology 

To prev e n t  s ur face runo f f  of contam i n a ted d i s c ha rg e wa te r , 
s torag e , transpo r ta t io n , and marke t i ng b u l k  p l a n t s  a nd term in a l s 
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are construc ted through use o f  d i ke s ,  d i t c he s ,  e le v a t i o n  g rad i ng , 
impoundmen t s , and o i l/wa t e r  separa t io n  me thod s , to prevent  pol l u ­
t ion . Va r ious me thods o f  d ra i nag e contro l , c o n ta i nme n t , a nd o i l/ 
wa ter separa t ion trea tmen t  are used . In  mo s t  c a se s , t he se f ac i l­
i t i e s  d o  not requ i re h ig h l y  t e chn i c al so l u t io n s  to the wa t e r  d i s­
charge probl em a s  e x i s t  i n  some re f i n e ry or proce s s i n g  
appl i c a t ions . 

Di ke s or e ar then berms are construc ted wh erever pe trol e um 
l iq u i d s  are s tored i n  abov e-gro und tank s - - aro u nd tanks i n  p i p e ­
l in e  tank farms , s torag e  term i nal s ,  and mark e t i ng b u l k  p l an t s . 
The s e  d i ke s are d e s igned to con t a i n  prod uc t s  s p i l l ed f rom t h e  
tankag e and a r e  s i z e d  t o  con t a i n  a max imum po te n t i al s p i l l . The 
impo und ed wa ter tha t i s  trapped w i t h i n  the  d i ke a s  t h e  re s ul t  o f  
wa ter d raws o r  s to rm wa t e r  e i th e r  pe r col a te s  i n to the so i l  o r  i s  
relea sed t h rough a d ra i n  p i pe and valve und e r  t h e  d i k e . Whe r e  
d ra i n  p i pe s  and v a l v e s  are i n s ta l l ed , t he y  a r e  norm a l ly c ha i n ed and 
locked in the c l o s ed po s i t ion to ens ure the i n teg r i ty of t h e  d ik e  
con ta inment sys tem . 

Storag e , transpo r t a t io n , and ma rke t i ng f ac i l i t i e s  pr imar i l y  
r e l y  upon t h e  o i l/wa te r  separa tors f o r  wa s te wa t e r  t r e a tmen t .  An 
o i l/wa ter separa to r  d e s ig ned i n  accord ance w i th A P I  s tand a rd s  w i l l  
i n  mos t  case s prod uce acceptable d i scharg e wa t e r  i n  f ac i l i t i e s  
whe re O&G i s  the pr imary c o n tam i n an t . 

Fig ure 9 8  i l l u s t r a te s a typ i c a l  term i n a l  system conf i g ur a t i o n  
for tre a t i ng wa s te wa t e r  p r i o r  t o  d i scharg e . In  th i s  e x ampl e , a 
c omme r c i a l ly ava i l ab l e  o i l/wa ter sepa r a to r  i s  u s e d  to recover pe­
trole um l iq u i d s  and r e l e a s e  o i l - f re e  wa ter f o r  e va po r a t ion a nd oc­
cas ional d i scharg e . Oi ly wa te r from tank wa t e r  d raw-o f f  l i ne s a nd 
the l a uncher/rece i ve r , s tra iner , and s l ab d r a i n s  f l ows i n to the 
o i l/wa ter separato r . Ra i nwa ter that  e n te r s  a tank s e ttl e s  throug h 
the s tored o i l  and i s  d rawn o f f  f rom wa t e r  c ol l e c t io n  po i n t s  i n  t h e  
tank b o t tom . Dr aw i ng o f f  wa te r i s  a man u a l  ope r a t i o n  und e r  v i s u a l  
observa t io n . Wi t hd r awa l i s  s topped immed i a te l y  a t  the  f ir s t  a p­
pearance o f  pe trol e um l iqu id , i nd i c a t i ng tha t the wa t e r  h a s  b e e n  
e xpel l e d . Oth e r  opera t ional  proced u re s ,  s uc h  a s  s tr a i n e r  c l e an ing , 
ope n ing l a un cher and rece ive r barre l s ,  and f l us h i ng o f  d ra i n  d own 
s l abs and d r i p pans a l so con tr i bute o i ly wa t e r  to the  separa to r . 

O i l  i s  sk immed f rom the wa ter s ur face i n  the  separa to r , f l o w i ng 
to a recov e r ed o i l  s ump wh ere i t  can b e  p umped back i n to a p i pe l ine 
system or tank or sold for recovery . Tre a te d  wa t e r  i s  d i s c harged 
to a hol d i ng/ev apo ra t i o n  b a s i n . Th i s  a l l ows fo r a v i s u a l  check o n  
t h e  prope r r emoval o f  f re e  o i l  f rom the trea ted wa te r . In  a r i d  
areas , e vapo ra t i o n  and p e rcol a t io n  prov ide ad equa te d i spo s a l  f o r  
the wa te r . In no n-ar id areas the trea ted wa t e r  i s  d i sch arg ed to a 
s ur face d ra i n  sys tem or o the r conveyanc e .  

B .  S p i l l  Con tr o l  C on t i nge ncy P l a n n i ng 

Storag e ,  transpo r t a t i o n , and marke t i ng f a c i l i t y  ope r a to r s  are 
req u i red by E PA reg u l a t ions to ma i n ta i n  S PC C  p l an s . Such p l an s  are 
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Fig u re 98 . Typical  O i l/Water Separator System .  

to cov e r  the ba s i c  i n fo rm a t ion req u i red f o r  ope r a to r s  to re spo nd to 
s p i l l s . A typ i c a l  sp i l l  contro l  pl an : 

• E s t ab l i s h e s  in f o rma t ion r e q u ired abou t  n a t ur e  o f  t he 
eme rgency 

• In s truc t s  pe rsonne l in proced u r e s  f o r  no t i f i c a t io n  of c om­
pany o f f ic i a l s  and c a ta s trophe r e s po n s e  t e am s  

• Ins t r uc t s  p e r sonnel  i n  no t i f i ca t ion requ i r eme n t s  o f  proper 
s t a te and f e d e r a l  ag enc i e s  

• Li s t s  eme rg e n cy c on tr a c tors f o r  f ac i l i ty r e pa i r , s p i l l  
conta i nmen t ,  and c l e an up 

• Ma i n t a i n s  r e q u i red eme rgency equ i pmen t  l i s ts 

• In s tr uc t s  i n  sp i l l  con ta i nmen t  and c l e a n up proced ure s .  

In add i t ion to d ev e l op in g  S PC C  plan s , many opera tors o f  s to r­
age , t r a n spo r ta t i o n , a nd marke t i ng f ac i l i t i e s  have fo rmed o r  j o i ned 
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o i l  sp i l l  cont i ngency coope ra t ives . Group memb e rs are d rawn f rom 
va r io u s  i nd u s tr i e s  and local  gove rnme n t  ag e nc i e s  who h ave a common 
conce rn to prevent  a nd m i n im i z e h a z a rd s  and pol l u t ion r e s u l t i ng 
f rom o i l  s p i l l s . Such g roups are formed f o r  m u t u a l  a s s i s tance , 
espe c i al l y  i n  areas h i g h l y  s u scept ib l e a nd s e n s i t i ve to o i l  sp i l l  
h a z a rd s  - - such a s  u . s . por t s  and i nl a nd wa t e rways . 

Th e se mutual a id g roups m e e t  pe r iod i c a l l y  t o  share the i r  know­
ledge of n e w  o i l  sp i l l  techno logy and r e c e n t  sp i l l  even t s , and 
f reque n tl y  prov id e tr a in i ng i n  emerg e ncy prepared ne s s . Th e m u t ua l  
a s s i s tance g roups u s u a l l y  prepare l i s t s  o f  eme r g e n c y  equ i pmen t  tha t 
e ach member i s  wi l l ing to l oan to ano the r i n  c ase o f  an o i l  spi l l . 
They a l so w i l l  o f te n  ag ree to f urn i s h  manpower a nd a s s i s t  a memb e r  
i n  wh a tev e r  way pr ac t i c al t o  m i n im i ze e f fe c t s  o f  o i l  s p i l l s i n  
the i r  par t i c ul ar area s . The g roup may a l so f und a c l e an up co n ­
t racto r  t o  be o n  a s tand-by b a s i s . Oi l spi l l  coope r a t i v e s  a r e  
d i scussed i n  mor e  d e ta i l  i n  Chap ter S i x . 

C .  P ipe l i n e s  

There a r e  spec i al con s iderat ions f o r  pol l u t ion c o n t ro l  and 
prev e n t ion from p i pe l i n e s  because sp i l l s  c a n  o c c u r  at any po i n t  
along t h e  many m i l e s  o f  pipe l ine used b y  t h e  i nd u s try . 

1 .  Des i g n  and Ope r a t i ng Prac t i c e s  

Fac i l i t ie s  a r e  d e s ig ned in  accord ance w i t h  approp r i a te ind u s try 
s tand ard s and cod e s  in add i t i o n  to s ta te and f e d e r a l  r eg u l a t i o n s . 
The DOT reg ul a t ion s cover a l a rge por t io n  o f  the  pe trol e um d i s tr i ­
b u t io n  sys tem whe rever i t  i s  c l a s s i f ie d  as pa r t  o f  a common c ar­
r ie r . The se reg u l a t ions are intended to improve s a f e ty and m in i ­
m i z e  spil l s  b y  e s tabl i sh i ng requ i reme n t s for d e s ig n ,  c on s tr u c t io n , 
and opera t ion . 

Cod e  requ i r eme n t s  we re developed w i th i n  the i nd u s try to e n s u r e  
safe ty and s t ab i l i ty o f  l i q u i d  p i pe l i ne s .  Man y  p i pe l i ne compan ie s 
r e ta in ou t s id e  t e s t i ng laborato r i e s  to check the  q ua l i ty o f  p i pe 
d ur i ng i t s  man u f ac t ur e  by the pipe m il l .  Sampl e s  o f  p i pe me t a l  are 
phys i ca l ly and chem i c al ly analyze d . Fi n i sh e d  p i pe is s ub j e c ted to 
hyd ros ta t i c  pre s s ur e  te s t s , to f l uo ro sc op ic and u l trason i c  e x am i n a ­
t ions of  l ong i tud inal we l d s , and to rad iog raph i c  e x am i na t i o n  o f  
g i r th we ld s . Dur i ng and a f te r  con s t r uc t io n  o f  t h e  l in e , the p ip e  
i s  g e neral l y  s ub j e c ted t o  hyd ro s ta t i c  pr e s s u r e  te s t s  wi th pre s s ur e s 
tha t exceed max imum ope r a t i ng pre s s ure by a t  l e a s t  2 5  pe r c en t . 

Pro te c t ive coa t i ng s are appl ied to l ine p i pe d ur i ng con s t r u c ­
t ion . Dur i ng ope r a t ion t h e  l i ne p i pe and p ump s ta t i o n  equ i pme n t  
are f ur ther s h i e ld e d  aga i n s t  e x ternal corro s i o n  b y  c a t hod i c  pro­
tec t io n . In te rnal corros ion i s  comba t t e d  by reg u l ar u s e  o f  i n­
ternal scrape r s , wh i ch s we e p  the wa ter f r om l ow po i n t s  i n  t h e  l in e  
and c l ean the i n te rnal s ur face . If  repa i r s  a r e  n e c e s s a r y , p r e s e n t  
prac t i ce i s  t o  c u t  o u t  a cyl i nd e r  and we ld i n  a n e w  c y l i nd e r  o r  
c over the p i t ted a r e a  wi th a we lded f u l l enc i r c l eme n t  s l eeve . At 
the same t ime , p i pe in the are a o f  the repa i r  i s  c l e an e d  a nd e x­
ternal l y  coated to prov i d e  pro t e c t i o n  f r om corro s io n  b e fo re b ack­
f i l l ing . 

4 2 3  



Fac tor s  tha t may a f f e c t  the  l i fe o f  uncoa ted p ipe a nd th us 
a f f e c t  the frequency o f  repa i r s  are : ad equacy o f  c a thod i c  pro te c­
t io n , i ncon s i s tency ( ex c e s s i ve vo id s )  i n  the so i l  ad j a c e n t  to t h e  
p ipe d u e  to improper back f i l l i ng , fore ig n m a te r i a l  a n d  d e b r i s  i n  
t h e  backf i l l , the  p ro x imi t y  t o  e x traneous e l e c tr i c c ur r e nt s , and 
the cond uc t i v i ty of  t he so i l . The s e  are some of  t h e  f a c tor s  
con s i d e r e d  whe n  spec i f y i ng t h e  coa t i ng f o r  a p i p e l i ne and whe n 
d e s ig n i ng the c a t hod i c  prote c t io n  f o r  tha t l i n e . 

Prope r l y  a ppl i e d  coa t i ng has a v e ry l ong s e rv i c e  l i f e  and i s  
e x tens ive l y  used tod ay to prevent  corro s ion i n  areas whe r e  e x ternal  
c orro s ion i s  a prob l em .  El ec tr ic d e te c to r s  a r e  u se d  d u r ing coa t i ng 
appl i c a t ion to a s s ure coa t i ng con t i n u i ty . Be fore t h e  p i p e l ine i s  
l owe red i n to the g round , any g aps o r  we akn e s s e s i n  the c o a t i ng are 
pa tched . Whe n  r e pa i r  records i nd icate  corro s ion p ro b l ems h ave 
occurred on e x i s t i ng bare p i pe , h o t  spo t  c a thod i c  pro te c t i o n  i s  
prov id ed a s  n e c e s s a ry . Line s e c t ions are r e p l a c e d  whe r e  repa i r s  
a r e  no t e co nom i c a l . 

2 .  Con s tr u c t ion P e rm i ts 

Co nstruc t io n  a c t iv i t i e s  i nv ol v i ng nav i g ab l e  wa t e r s  o r  tr ibu­
tar ie s to nav i g a b l e  wa t e r s  of  the Un i te d  S t a te s are r e g u l a t ed by 
t he Cl e an Wa ter Ac t ,  Se c t ion 4 0 4 .  Con s t r uc t i o n  requ i r i ng d redge 
or f i l l  i n  these  wa t e r s  for p i pe l i n e  r iv e r  o r  we t l and c ro s s i ng s  
req u i re s  Co rps o f  Eng i ne e r s  Se c t io n  4 04 p e rm i ts . The U . S .  Army 
Corps of Eng i ne e r s  w i l l  i nvolve other f ed e ra l , s ta t e , a nd l o c a l  
agen c ie s  a n d  may cond u c t  pub l i c  hear ing s pr i o r  t o  pe rm i t  a pp rov a l . 

The Corps o f  Eng i n e e r s  wi l l  ev a l u a te the f ac i l i t i e s ' poten­
t i a l  e nv i ro nme n t a l  impac t to wa t e r  re so u rc e s  a nd may requ i re t ha t 
s pe c ia l  proced ur e s  a nd cond i t io n s  be und e r taken d ur i ng c o n s t r u c ­
t ion t o  avo id con t amina t i ng the  mar ine e n v i ronmen t .  P i pe l ine and 
t e rm inal proj e c t s  requ i r i ng Se c t io n  4 04 p e rm i ts b e fo re c o n s t r u c t io n  
can beg i n  mus t d e te rm i ne i f  p e rmi t requ i r eme n t s  a r e  compa t i b l e  w i t h  
the e conom i cs o f  t h e  s i te se l e c t io n , t h e  e n t i re proj e c t , a nd the 
in tend ed opera t io n  of the proposed f ac i l i ty .  

3 .  Hydros t a t i c  Te s t ing 

After con s t r uc t io n  o f  c ros s-coun t ry p i p e l i n e s , DOT reg u l a t ion s 
r eq u i r e  hyd ro s ta t i c  t e s t i ng o f  the we lded s t e e l  p i pe . The hyd ro­
s ta t i c  te s t  proc e d ure s are i n tend ed to ve r i fy the s tr e n g t h  and 
i n teg r i ty of  t he s t e e l  p ipe . Te s t  pre s s u r e s  d epe nd upo n the  s pe c i­
f ied min imum y i e ld s tr e n g t h  o f  the p ipe s tee l , i n t end e d  opera t in g  
p re s s ur e s , a nd DOT r e q u i r eme n ts . 

Hyd ros t a t i c  te s t i ng i s  u s ua l ly accomp l i shed wi t h  wa te r . The 
vol ume o f  wa ter r eq u i red for te s t  p urpo s e s i s  d i re c t ly r e l a ted t o  
t he d i ame te r o f  the p i pe l i n e  and l e ng t h  o f  l i ne segme n t  be i ng 
te s ted . Vol ume s may vary f rom several h undr ed barre l s  to s e v e r a l  
h undreds o f  tho u sand s o f  b arre l s  o f  wa ter , d epend i ng upo n the s i ze 
o f  the p ip e l ine pro j ec t .  
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Di spo s a l  o f  the wa t e r  a f te r  te s t i ng i s  a n  e nv i ronme n t a l  con­
s id e ration and requ i re s  s ta te/ l ocal and po s s i b ly f e d e r a l  p e rm i t s . 
Such d i s po s a l  i s  a on e-t ime o c c urrence a f te r  con s t r u c t ion a nd no t a 
normal ope r a t i ng requi r eme n t . Qu a l i ty o f  t he hyd ro s t a t i c  te s t  
wa t e r  may b e  a n  i s s ue b e c a u s e  o f  po s s i b l e  t re a tmen t  t h e  wa ter h a s  
u nd e rgone wh i l e  be ing p umped i n to the p ipe l in e . Hyd ro s ta t i c  te s t  
wa ter could conta i n  some o f  the fo l l owing trea tmen t s : 

• p H  trea tme n t  

• Corro s ion i nh ib i tors 

• An t i- free ze 

• Bac t er ic id e s . 

A typ i c a l  so l u t ion to d i spo s al o f  h yd ro s ta t i c  te s t  wa t e r  i s  
t o  cons truc t evapo r a t ion ho l d ing po nd s a t  po i n t s  wh e r e  wa t e r  i s  
d r a i ned f rom the p ip e l ine . S ampl i ng a nd te s t i ng o f  t h e  wa ter i n  
the evapo ra t i o n  po nd s c a n  be accomp l i shed b e fo re d i sc h a rg e , i f  ever 
required . 

4 .  Pro t e c t ive Dev i c e s  and A l a rms 

Numerous pro te c t ive d ev i ces  and a l arms are a n  i n te g r a l  part o f  
p ipe l i ne ope ra t io n s . Pi pe l i n e  and s to rag e te rm i n a l s h a v e  r emote 
tank gaug i ng a nd t a nk h i g h  l ev e l  a l a rms to a l e r t  opera tor s  to take 
a c t ion to prev e n t  t a nk ove r f l ows . Pi pe l i n e  tempe r a t u re s , f l ow 
rates , and pre s s ure s are  mon i tored and con t ro l l ed to preven t  p i p e ­
l ine rupture s .  Au t oma t i c  sh u td own d ev i c e s  a r e  i n s ta l led o n  pump i ng 
equ i pmen t  to prevent  sp i l l s  in  the event  o f  a f a i l ur e  o f  a p ump 
s e al . Such d e v i c e s  m i n im i ze opera t ional upse t s  a nd p r ev e n t  and 
d e te c t  acc id e n t a l  pe t rol e um s p i l l ag e . 

5 .  L e ak De t e c t ion 

Pipe l ine t e rmi n a l  tank f i l l  opera t io n s  can b e  remo te l y  mon i­
tored us i ng a u toma t i c  tank g a ug ing equ i pme n t . Tank h ig h- l ev e l  
al arms and sh u tdown swi tche s c a n  be used t o  pr e v e n t  t a n k  over f l ows . 
Ta nk l ev e l s  and f i l l i ng rates  c an be compared to f l ow m e t e r s  to d e­
tec t d e v i a t ions f rom c a l c u l a ted f i l l i ng or empty i ng r a t e s  to g u ard 
aga inst s p i l l s . S im i l ar l e ak d e te c t io n  s ys t ems c a n  b e  app l ied to 
prevent sp i l l s whe n  f i l l i ng tank t rucks , ra i l  c a r s , b a rge s , or even 
tanke r s . 1b pr eve n t  o c c u r rence of  spi l l s , a comp u t e r  con trol 
sys tem w i l l  ac t ivate a l a rms or a u toma t ic s h u td own s . 

Comp u t e r  mod e l s  o f  p i pel ine systems are used to pred i c t  e x­
pec ted p i pe l i n e  hd yr a u l i c  cond i t io n s . The c omp u t e r  a l s o  mon i to r s  
a c t u a l  p i pe l ine flow cond i t ions s uch a s  f l ow r at e , p re ss ur e , 
temperatur e , d e n s i ty o f  l i qu id s , and con f ig ur a t i o n  o f  pump un i t  
comb ination s . I f  ac t u a l  cond i t ions are i n  var i ance f rom the 
pred i c ted hyd raul i c  mod e l , t he c omputer c an b e  se t up to so und 
d e v i a t ion a l a rms or even sh u t  down and i so l a te the a f f e c te d  
p ipe l ine segme n t . 
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Othe r type s o f  l e ak d e te c t io n  systems a r e  av a i l ab l e , s uc h  a s  
v i s ual te l e v i s io n  mon i to r i ng a nd i n s t r ume n t s  f o r  d e te c t i ng h yd r o ­
carbon l iqu id s o r  vapo rs e sc ap i ng f rom c l osed sys tems . In s t r umen t s  
to d e t e c t  pre s s ure s urge s crea ted b y  sma l l  p i p e l i n e  r u p t ure s are 
a l so ava i l ab l e  fo r l e ak d e te c t ion . 

6 .  Tra i n i n g  

Prope r t r a i n i ng of  ope r a t ions pe r so nnel i s  a f un d amen t a l  par t 
o f  an opera to r ' s  p rog r am for wa ter qual i ty p ro te c t io n . Tra i n i ng i s  
n e c e s sary to e n s u r e  tha t pe rsonn e l  have the nece s sary s k i l l s  to 
opera te equ i pme n t , cond u c t  preventa t iv e  ma i n te n a nc e , and make 
proper equ i pme n t  r e pa i r s . In add i t ion , i t  i s  impo r ta n t  fo r t r a i n ­
i ng t o  i n c l ud e  pe r sonne l r e s ponse t o  abno rmal opera t i ng c o nd i t ion s 
and eme rg enc i e s  pl us t r a in ing i n  spi l l  conta i nme n t  and c l e an up . 

Compr e he n s iv e  t r a i n ing p rog rams that  i n c l u d e  t e s t i ng and r e c o rd 
kee p i ng h ave the po ten t i al to red uce h uman e r ro r , th u s  m i n imi z i n g  
ope ra t ional ups e t s  a n d  red u c i ng pe tro l e um s p i l l s . Tr a i n i ng i n  the 
are a of both normal a nd abnormal opera t ion s is both h ig h l y  d e s i r­
able  and a req u i r eme n t  o f  DOT r e4u l a t io n s  enac ted in 1 9 7 9  f o r  c om­
mon c ar r i e r  p i pe l ine f ac i l i t i e s . 2 

The DOT requ i r eme n t s  und e r  Par t 1 9 5  o f  the  re g u l a t ion s r eq u i re 
that  each common carr i e r  p i pe l i n e  e s tabl i s h  and c o nd u c t  a c o n t i n u­
i ng tra i n ing prog r am to i n s tr uc t  ope ra t i ng and ma i n te nance pe r­
sonnel . Ma j o r req u i r eme n t s  o f  this reg u l at io n  i n c l ud e  tr a i n i ng i n  
the fol l owi ng a r e a s  r e l a ted t o  wa ter qua l i ty pro tec t io n : 

• Carry o u t  the ope r a t i ng , ma i n tenance , and eme rg ency 
p roc ed ure s 

• Know charac t e r i s t i c s  and ha z ard s o f  the  c ommod i t i e s  
tran spo r ted 

• �cog n i z e  cond i t i o n s  tha t are l ike ly to c a u s e  eme r g en c ie s ,  
pred i c t  the  consequences o f  f ac i l i t y  ma l f unc t ions o r  
f a i l u r e s  a n d  commod i ty s p i l l s , a nd take appropr i a te 
corr e c t ive ac t io n  

• Take s teps n e c e s s a ry to con trol a ny acc id e n t a l  r e l e a s e  o f  
t h e  commod i ty a n d  to min im i z e  the po te n t i a l  fo r f i re ,  
e x pl o s io n , tox i c i ty ,  o r  env i ro nme n t a l  d amag e 

• In the  c a s e  o f  ma i n tenance per sonne l ,  s a f e l y  r e pa i r  f ac i l­
i t i e s  us i n g  appropr i a te spe c ia l  pr e c a u t i o n s  

• A t  i n te rv a l s  o f  no t more than o n e  ye ar , c ommon car r ie r s  a r e  
t o : 

Re v i ew w i t h  personnel the i r  per formance i n  mee t i ng o b­
j e c t i v e s  o f  the t r a i n i ng prog ram 

Make approp r i a te chang e s  to the prog ram a s  n ec e s sary 
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Ve r i fy tha t s up e rv i so rs ma i nta i n  a tho rou g h  know l e d g e  o f  
the carr i e r  proc e d ural man uals  for ope ra t ions , ma i n te n­
ance , a nd eme rge n c i e s . 

The se DOT r eg u l a t io n s  are prom u l g a te d  und e r  the Ha z a rd ou s  
Liqu id Pipe l i n e  Sa f e ty Ac t o f  1 9 7 9 .  En forceme n t  o f  the s e  r e g ul a­
t ions i s  by the Of f i c e  o f  Ope r a t ions  and En fo rcem en t ,  a par t o f  the 
Ma ter i a l s  Transpor t a t io n  Bureau of DOT . 

7 .  One C a l l  N o t i f i ca t ion Sys t ems 

In the pa s t  s ev e r a l  ye ar s , some opera tor s  of l i q u id pe t ro l e um 
a nd gas p i pe l i n e s  h av e  ass i s ted i n  fo rm i ng , a nd have become members  
o f , one  c a l l  no t i f i ca t ion s y s t ems . 

The pr i mary f e a t ure o f  a one c a l l  sys t em i s  a c e n tr a l  t e lephone 
c on tact number fo r contr ac tors and member compan i e s  to c a l l  to re­
por t d ig g i ng a c t i v i t ie s .  Ope r a tors of the one c a l l  sys tems r e c e i v e  
these cal l s  and the n no t i fy member compan i e s  who hav e f a c i l i t i e s  i n  
the a f fec ted area s . The s e  compan i e s  are then a b l e  to d i spatch pe r­
sonnel to the f i e l d  to i n s pe c t , i d e n t i fy ,  and pro te c t  the i r  fac i l ­
i t ie s  f rom d amag e , thereby m i n imi z i ng sp i l l  po ten t ia l . 

D .  S e rv i c e  S t a t ions  

Le aks f rom s e rv i c e  s ta t ion und e rg ro u nd tankag e  o f f e r  the po­
ten t i a l  fo r se r ious harm to peopl e ,  prope r ty ,  a nd the  env i ronmen t .  
Serv i c e  s ta t ions are loca ted for cus tomer conven i e nce a nd the 
g re a te r  the pop ul a t io n  d en s i ty of the d r iv ing p ub l i c ,  t he g re a te r  
the n umb e r  o f  r e ta i l  o u tle t s  t o  b e  e xpec ted . Even i n  sem i -urban o r  
r ural areas , t he r e ta i l  ou t l e t s  f r eque n tl y  a r e  l o c ated i n  s i te s  o f  
cons iderable bu s in e s s  a c t i v i ty rather than b e i ng i so l a te d . 

The l o s s  o f  pe t role um prod u c t s  may pre s e n t  s ig n i f i c a n t  add i ­
t ional problems t o  the commun i ty ,  i n c l ud i ng : d i sr up t ion o f  b u s i ­
ness  and home e nd ang e rment whe n  vapo r s  are f o u nd i n  bu i ld i ng s ; 
e xpl o s io n s  in sewe r s ; con tam in a t i o n  o f  g round wa t e r  s uppl i e s ;  f ir e/ 
explos ion ha zard s a t  the sewage trea tme n t  pl an t ;  d e t e r i o r a t ion o f  
tel epho ne cab l e s  and d i srup t ion o f  s e rv i c e ; a nd f i r e  a t  the l o s s  
s i te . 

The p e t role um i nd u s t ry i s  concerned t h a t  l e akag e o f  p rod u c t  
f rom or wa ter i n to serv i c e  s ta t i o n  tanks h a s  a g re a t e r  po te n t i a l  
now than i t  d id 1 0  ye ars ago . 4 3  Th i s  i s  b e c a u s e  a l arge n umbe r 
o f  und e rg round , unpr o te c ted s te e l  tanks and p i p i ng systems in­
s t a l l ed 1 5  to 2 5  ye a r s  ag o may be near i ng the  e nd of  the i r  l i f e­
span . In respo nse to th i s  s i t u a t ion , the trend w i t h i n  ind u s t ry h a s  
b e e n  to emphas i ze d a i l y prod uc t i nven to ry reconc i l i a t io n  a n d  wa te r 
checki ng a t  al l s e rv i ce sta t i on s , immed i a t e l y  i nv e s t ig a te a l l  re­
por ted l o s se s and cond uc t tank te s t i ng a s  d e emed n e c e s s a ry , and 
repa i r  l e ak i ng tanks w i th epo x y  l i n ing o r  repl ace them w i th non­
corrod i ng o r  c a t hod i c a l l y  pro te c ted corro s io n-re s i s tan t tanks . 

A 1 9 7 7 - 1 9 8 0  AP I leak s t udy a t temp ted to d e t e rm i ne whe r e  l e aks 
occur i n  the tank . Re sponse s to the vo l un tary s urvey we r e  r e c e i ved 
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o n  1 , 54 6  l e ak i nc i d e nt s , i n c l ud i ng l e akage o f  wa t e r  i n to tanks . 
The ma j or i ty o f  t a nk l eaks we re repo rted to d ev e l op i n  the lowe r  
por t io n  o f  und e rg round tanks . Of l e a k i ng tanks w i t h  s ubme rged d ro p  
t ub e s , 2 7  p e r c e n t  had a l e ak d i re c t l y  b e n e a th t h e  tube . Proced u r e s  
f o r  i nven to ry con t ro l  a n d  c h e ck i ng f o r  wa ter a c c um u l a t ion a c c o un ted 
f o r  d e te c t ion of 7 6  p e r c e n t  of the l eaks fo und . 

Th e pe tro l e um i nd u s try ' s  approach to prev e n t i ng and contro l l i ng 
l e aks f rom und e rg ro u nd tanks i s  many-face ted , r e f l e c t i ng t h e  com­
pl e x  na ture o f  the prob l em : 

• Chang e s  i n  f i r e  c od e s  and state e nv i ronmen ta l  r eg u l a t i o n s , 
to make d a i ly i nv e n to ry con trol the l aw ,  a r e  e nco uraged . 

• An e d uca t ional tra i n ing progr am s t re s s i ng r ecord kee p i ng a nd 
ma i n te n an c e  o f  i nv e n to ry c on trol wa s prepared f o r  u s e  by 
f ac i l i t y  o wn e r s  and oper a tor s . 

• Le akage tra i n i ng s eminars  for i nd u s t ry and g o v e r nme n t  o f­
f ic i a l s  are cond uc ted . 

• As s i stance i s  prov i d e d  to commu n i t i e s  a t temp t i n g  to l oc a te 
the source o f  und e rg ro u nd leaks . 

• A P I prepared a nd p ub l i shed the f o l l ow i ng p ub l i c a t ion s : 
" In d u s t ry Re comme nd ed Pr ac t i c e s  for the Pr even t i o n  and 
De te c t io n  of Le aks f rom Und e rg round Ta nks and P i pe s , "  
" Un d e rg round Sp i l l  C l eanup Ma n u a l , "  " In st a l l a t i o n  o f  
Und e rg ro un d  Pe t ro l e um Storage Sys tems , "  and " Re c ommend e d  
Pr ac t i c e  fo r Ab ando nmen t o r  Remova l  o f  Us ed Und e rg round 
Se r v i c e  S t a t ion Tanks . "  

The pr inc i p a l  ma te r i a l s  and techn iques used to preve n t  corro­
s io n  and d e te c t  l e ak s  i n  und e rg round s torag e tanks a r e : coa t i ng s ,  
cathod ic pro tec t io n , f i b e rg l a s s-re in forced p l a s t i c  u nd e rg ro und 
tanks , s to rag e tank l i ner s , a nd l e ak t e s t i ng . 4 4  

Se rv ic e  s t a t i o n s  i n  the Un i ted S t a te s  wi th und e r g ro und tanks 
use e xternal coa t i ng s  s uc h  a s  g ood qual i ty e pox i e s , a spha l t i c  
pa ints , ma s t i c s , a nd ho t-appl i ed b i t um i nous m a te r i a l s  to pr ev e n t  
corros ion . Coa t i n g s  red uce tank e xpos ure t o  corro s ive e l emen t s  i n  
the s ur ro un d i ng so i l ; h owev e r , some o f  the se m a te r ia l s  d e te r io ra t e  
w i t h  t ime a n d  may be u s e f u l  for on ly a f e w  ye ar s . Co r ro s i o n  oc c ur s  
mos t o f te n  a t  b re ak s  o r  f l aws i n  the coa t i ng , wh i c h  c an b e  m i n i­
mi zed by proper i n s ta l l a t io n . Corro s ion preve n t i o n  i s  imp roved by 
ca thod i c  pro te c t io n , d e s c r i b ed be l ow . 

Th e ca thod i c  pro te c t io n  techn ique pro te c t s  und e rg round s to rag e 
tanks by preven t i ng e l e c tro l y t i c  corro s ion c a u s ed by s tray e l e c­
tr ical curre n t s . Conn e c t ions are mad e to oppo s i te e nd s  o f  a s to r­
age tank and a sma l l  powe r source i s  connec ted , res u l t i ng i n  a 
polar i ze d  tank . The c u r r e n t  pa s s i ng throug h the tank i n t e r f e r e s  
wi th , and red uce s  t h e  e f fe c t  o f , any e x ternal  e l e c tr i c a l  c ur r e n ts . 
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There are t wo b a s i c  type s o f  c a t hod i c  pro t e c t ion c ommon ly u se d  
to pro te c t  und e rg round tanks , g alvan i c  a n d  imp r e s s e d  c u r re n t . 
Ca thod i c  pro tec t io n , by me ans o f  g a l van i c  o r  s ac r i f i c i a l  a nod e s , i s  
u sed f o r  the pro te c t io n  o f  p i pe l ines as we l l  as  f o r  tank s . Know­
ledge of the so i l  re s i s t i v i ty , the qual i ty o f  t h e  coa t i ng ma t e r i a l 
used , the  e xpo sed s ur fa c e  in conta c t  wi th t he so i l , a nd the pre­
sence or absence of i ns u l a t ion i s  r equ ired f o r  the  c a l c u l a t io n  o f  
the number of  anod e s  needed . The mos t  common type o f  anod e i s  
magne s i um ,  a l though z in c  anod e s  are u sed i n  l o w  re s i s t i v i ty so i l s . 
The tanks are g e neral ly c oa ted , bec ause the n umber o f  anod e s  re­
qu i red i ncrea s e s  w i th the unpro tec ted are a o f  the tank . Dur i ng th e 
pas t  few ye a r s , " pr e-e ng i ne ered " ca thod i c  pro te c t io n  h a s  b e e n  
d eve l oped , u s u a l ly cons i s t ing o f  a tank w i th a g a l van i c  anod e o n  
eac h  e nd . 

Impr e s s ed c ur r e n t  p ro te c t ion wo rks by pa s s i n g  DC c ur r en t , s u p­
p l ied by an AC-DC t rans fo rmer-rec t i f ie r , t hrough the  c i r c u i t ,  wh i ch 
cons i s t s  o f  the tank , anode s ,  so i l , and re c t i f ie r . The a nod e s  are 
u s ual ly mad e f r om cast i ro n , g raph i te ,  or s c r ap s te e l . Be c a u s e  
impr e s s ed c urrent  sys tems a r e  ad j u s table  o v e r  a w i d e  o u tp u t  r a ng e , 
uncoa ted or bare tanks c a n  be pro tec ted by u s i ng a h ig h  d r iv i ng 
vol t ag e . 

Impr e s s ed c urre n t  sys tems are r e l a t i ve ly e xpens ive , for they 
r equ i re , in  ad d i t i on to pe r iod i c  i n spe c t i o n  and  ma i n te na n c e  c os t s , 
a con s tan t source o f  c urren t ,  wh ich i n  some c a s e s  c a n  b e  l a rg e . 
When there are other me tal l i c s truc tur e s  i n  the a r e a , the  c u r re n t  
may b e  p i cked u p  b y  the se s truc t ure s .  The s e  s t r ay c u r r e n t s  w i l l  
l e ave the tank unpro t e c ted , wh i c h  c o u ld l e ad to corro s ion . Fo r 
t h i s  reaso n , f ie l d  te s t s  are requ i red to a s s ur e  ad equa te 
pro tec t ion . 

F iberg l a s s-re i n forced pl a s t i c  s torage tanks are an a l terna t ive 
to the use of  s t e e l  tanks . Fiberg l a s s - r e i n fo rced p l as t i c i s  non­
corros ive and whe n  prope r l y  i n s tal led w i l l  l a s t  ove r 2 0  years . 

Old tanks wi t h  leaks  c a n  b e  l i ned wi t h  e poxy r e s i n . Epoxy 
coatings  prov i d e  a so l id , g la s s-h ard i n n e r  pro te c t i v e  wa l l  tha t 
preve n t s  corros ion and s ubsequent leaking . The proce s s  o f  e po x y  
l in ing a s to rag e tank take s two d ays . The tank m u s t  f i r s t  b e  
emp t i ed a n d  aerate d ; i t  i s  t h e n  sand b l a s ted to c l e an me ta l . The 
epoxy r e s i n  i s  appl ied and the tank i s  perma n e n t l y  s e a l ed s h u t  w i th 
a pre s s ur e -pro o f  cove r . 

Da i ly i nven to ry r econc i l i a t ion c an i d e n t i f y  l o s s e s  d ue to 
l e aks . Seve ral l e ak d e te c t io n  sys tems a r e  c omme r c i a l ly ava i l ab l e  
as a con trac ted s e rv i c e  or for p urchas e . The se s y s tems u s e  v a r i o u s  
p r i nc ipl e s  to d e te rm i n e  a c hang e  in prod u c t l ev e l  i n  t h e  tank . 
The se i n c l ud e  observa t io n  o f  l evel change i n  an a t tached abov e ­
g round s tand p i pe , moveme n t  o f  f l u id i n  a manome te r ,  c ha n g e  o f  a 
b uoyan t force on a s e n so r , f l u id flow pa s t  a t h e rm i s te r , and l a se r  
i n te r f e rome try . 

Ea ch o f  the se me thod s h a s  o ne or more s ig n i f i c an t  d rawb acks 
tha t l im i t s  its  ab i l i ty to d e te c t  l e aks r e l i ab l y . Some me t hod s 
r equ i r e  h i g h l y  s k i l led ope r a tors for prop e r  te s t  se t- u p  a nd fo r 
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correc t d a t a  a n a l ys i s . Certa i n  t e s t  proced ure s re s ul t  i n  h ig he r 
than norm a l  tank pr e s s ur e s , e x te n s ive se t-u p t ime , a nd h i g h  cos t s . 
Oth e r  sys t ems are s omewha t f r ag i l e  for e ve ryd ay f i e l d  u s e . S t i l l 
o thers g ive o n ly a s i ng l e  end-o f - t e s t  v a l ue . Da ta g e n e r a t e d  by a l l 
can be a f f e c ted by temp e ra t ur e  chang e , w ind , o r  v i b ra t io n . The 
ab i l i ty t o  corre c t l y  r e c og n i ze and compen sa te f o r  s uc h  e f fe c t s , a s  
we l l  a s  c ar e f ul adhere nce to corre c t  t e s t  proced u r e s , d e t e rm i ne s  
s uc c e s s  i n  l oc a t i ng l e ak i ng tanks . 

WAS TE MANAGEMENT 

Ind u s t ry prac t i c e s  con t in ue to b e  d ev e l oped a nd impl emen ted to 
e ns ur e  prope r hand l i ng of wa ste mater ia l s . Is s ue s  o f  conc e r n  in­
c l ud e  the proper h and l i ng o f  u sed l ub r i c a t i ng o i l s  a nd the  f ut ur e  
ava i l ab i l i ty o f  ad equa te d i spo sa l  capac i ty .  

I .  App l i ca b l e  Laws and Re g u l a t ions 

Th re e  p i e c e s  of r e c e n t l y  enac ted l eg i s l a t io n  have add re s sed 
d i f ferent  aspe c t s  o f  the  wa s t e  man ag emen t prob l em . The se t h r e e  
l aws are : RC RA ;  t he Comprehe n s i ve Env i ro nme n t a l  Re s po n se , Com­
pen s a t ion , and L i ab i l i ty Ac t o f  1 9 8 0  ( C ERC LA ) ( Supe r f und ) ;  a nd 
t he Us ed Oi l Re cyc l ing Ac t .  Al l three have impac ted the pe t ro l e um 
ind u s t ry i n  d i f f e r e n t  ways ; RCRA and C ERC LA are d i s c u s s ed i n  
Chapte r On e o f  t h i s  repo r t ,  a nd the Us ed Oi l Re cyc l i ng Ac t i s  
d i scus sed i n  the f o l l o w i ng s ec t io n . 

I I .  Wa s t e  S o u r c e s  

A .  S torage a nd Tra nspo r t a t ion 

Wa s t e  ma ter i a l s  g e n e ra ted i n  tanks and p i pe l i n e s  are s im i l ar to 
t he o i l y  wa s t e s  g e ne r a ted in  re f i ner ie s .  Wa s t e  sourc e s  in s tor­
age and tran s po r tat ion i n c l ud e  tank and p i pe l i n e  c l e an ing , o i ly 
s l udge s f rom wa s tewa te r  sepa r a to r  c l e an ing , a nd s pi l l  c l e an up 
debri s .  The f e d e r a l  RCRA ha zard ous wa s t e  man ag emen t  prog r am does 
not l i st s torag e  o r  transpo rtat i o n  wa ste s as h a za r d o u s ; howeve r ,  
the RCRA prog r am pro v id e s  that  wa s te s  be te s ted to d e t e rm i ne i f  
they are hazardous  d u e  t o  spe c i f ied ig n i tab l e , c o r ro s iv e , r e ac t iv e , 
or e x trac t ion proc e d u r e  ( E P )  tox i c  c r i te r i a . Te s t s  m u s t  b e  r u n  o n  
i nd i v id ua l  wa s t e s  a s  g e n e r a ted and some s to rag e and t r an s po r t a t i o n  
wa s te s  f rom l ow f l a s h  tanks c an e xh i b i t  t h e  i g n i tab l e  c h a r ac te r­
i st i c  ( f l a sh l e s s  than 1 4 0 ° F )  and some l e ad ed g a so l i ne s to rag e tank 
s l udge s c an e xh i b i t  the EP tox i c  charac ter i s t i c . If  and when t h e s e  
wa s te s  e x h i b i t  any o f  the characte r i s t i c s , they m u s t  b e  manag ed i n  
accord ance w i t h  t h e  RCRA reg u l a t ion s . The RCRA reg u l a t ions are 
d i scus sed i n  more d e ta i l i n  Ch apter Th re e . 

Oc ean tanke r s  a r e  a l so po te n t i a l  sour c e s  o f  wa s te ma te r i al s . 
Af t e r  one or t wo ye a r s  o f  s e rv ice , tanker s  t yp i c a l l y  g o  i n to d ry ­
d ock fo r i n spe c t ion , ma i n te nanc e , and re f i t t i ng . Be cause  cargo 
tanks mu s t  be c l e an and ga s - f re e , they mus t  be r ig o ro u s l y  c l e aned . 
The se removed s l ud ge s  may e xh i b i t  hazardous wa s te charac te r i s t i c s . 
In add i t io n , many ma i n tenance d eg reas ing solven t s  a r e  l i s ted as 
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ha zardous  wa s te s  and m u s t  be hand l ed accord i ng ly .  Many o f  thes e 
was te s  are hand led a t  t e rm i nal s and sh ipyard s as d i s c u s sed in  the 
Of f shore Pol l u t io n  Con trol and Preve n t io n  s e c t io n  of th i s  chap te r . 

B .  Marke t i ng 

Th e recently e nac ted RCRA a nd Us ed Oi l Re cyc l i ng Ac t have 
cau sed the pe trole um i nd us t ry to focus i t s a t te n t io n  on the  p roper 
d i spo s a l  of  wa s te ma te r i a l s from the var i e ty of marke t i ng ope r a­
t ions . Of par t i c ul a r  i n tere s t  i s  the  d i s po s a l  o f  u s ed l ub r i c a t in g  
o il s  from s e rv i c e  s t a t i o n s  and o t h e r  wa ste o i l s  f r om i nd u s tr i a l  
cus tome r s . In add i t io n , the i nd u s t ry h a s  con t i n ued to s tr e s s  g ood 
houseke e p i ng prac t ic e s  for i ts s e rv i ce s t a t io n s  to pr ev en t the 
accumul a t ion o f  u s ed t ir e s , batter i e s , and acc e s so r ie s  f rom co n­
t r ibu t i ng to po l l u t i o n  o f  the area . 

Us ed l ub r i c a t i ng o i l s  c an be d i spo sed o f  i n  a var ie ty o f  ways . 
One s ucce s s f u l  way i s  by b l e nd i ng and b ur n i ng the  u s ed l ub r i c a t ing 
o il s  a s  an ind u s t r i a l  f u e l  o i l . A 1 9 7 4  API s tud y ,  c o nd uc ted at a 
Hawa i ian El e c t r i c  Company p l an t , con c l ud ed tha t b ur n i ng d i l u te 
m ix t ure s  ( up to 1 5  vol ume pe rcen t )  o f  used c r ankc a se o i l  wa s a 
feas i b l e  me ans o f  d i s po sa l . 4 5  The s t udy a l so re por ted tha t max i ­
mum g round - l ev e l  conc e n tr a t ions o f  l e ad we re w i th i n  acceptab l e  
l eve l s  a t  t h a t  t ime . A 1 9 7 0  AP I s t udy , re por t i ng the  res u l t s  o f  a 
number of  ind i v i d u a l  used o i l  bur n ing te s t s , r e c omme nd ed t h a t  the 
amount o f  u sed o i l  i n  t he f u e l  b l end sho u l d  no t e x c e e d  2 5  p e r c e n t , 
to m i n im i ze combu s t io n  d i f f i c u l t ie s  and to avo id a i r po l l u t i on 
probl ems . 4 6  

The So l id Wa s t e  Di spo s a l  Ac t wa s amended by e n ac tmen t  o f  RCRA , 
and wa s f u r ther ame nded o n  Oc tob e r  1 5 ,  1 9 8 0 , whe n  Cong re s s  e n ac ted 
the Use d  Oi l Re c yc l ing Ac t to encourage the u s e  of recyc l e d  o i l  " i n 
a manner wh i ch does  no t cons t i t ute a th rea t to pub l i c he a l th and 
the envi ronme n t , and wh i c h  conserves e n e rgy and ma t e r i al s . " 4 7  
S e c t i o n  7 o f  the Ac t req u i r e s  the promul g a t io n  by E PA o f  p e r f o r­
mance s tand ard s and o t h e r  neces sary reg u l a t i o n s  to p ro t e c t  th e 
pub l i c  heal th and e nv i ronme n t . Se c t io n  8 o f  the Us ed Oi l Re cyc l i ng 
Ac t requ i re d  E PA to make a re port to Cong re s s  on the i r  d e t e rm i n a­
t ion o f  whe the r the RCRA h a zardous wa ste c r i te r ia ( S e c t i o n  3 0 0 1 ) 
were appl i c able to wa s te o i l s . 

E PA ' s  January 1 6 , 1 9 8 1  report to Cong re s s , L i s t i ng Was te O i l  
a s  a H a z ardous Was t e , c o n ta i n ed the fo l l ow i ng e s t ima t e s  o n  u s e d  
o i l  d i s pos i t io n : 

D i spos i t ion 

Burned as f ue l  
Us ed a s  road o i l , d u s t  

s uppre s s an t , or other  l and 
appl i c a t i o n  use 

Rer e f ined to l ube o i l  base s tock 
Di spo sed o f  i n  l and f i l l s or  

i nd i sc r i m i n a t e l y  d umped 
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E PA e s t im a t e s  t h a t  u s e d  o i l  quan t i t i e s  a r e  4 6 4 mi l l i o n  g a l l o n s  pe r 
ye ar o f  a u tomo t i ve o i l s  and 3 8 0  m i l l ion g a l l o n s  o f  i n d u s tr i a l  o i l s . 
The EPA r epo r t  n o te s tha t the r e  i s  con s i d e r a b l e  d i sag reeme n t  i n  the 
l i terat ure on u s ed o i l  d i spos i t ion and quan t i t ie s , but b e l i e v e s  
that  th e above f ig ur e s  are cons i s te n t  wi th mo s t  av a i l ab l e  d a ta . 

In i ts repo rt to Cong re s s , E PA conc l ud ed t h a t  wa s t e  un used o i l  
sp i l l ed to l and , and o i ly d e br i s  genera ted f rom c l e an ing up o i l  
s p i l l s  to l and o r  s ur face wa t e r , are o f  subs tan t i a l  quan t i t i e s  a nd 
pose a s ig n i f i c a n t  r i sk to con taminate  g ro und wa te r , a nd t h u s  s ho u l d  
b e  c l a s s i f ied a s  h a z ardous wa s te s . In add i t ion , E PA concl uded tha t 
u sed au tomo t i ve o i l s  and c e r t a i n  ind u s t r i a l  o i l s  may conta i n  o the r 
poten t i a l ly tox i c  contam i n an t s , s uc h  a s  trace m e t a l s ,  h a l og e n a te d  
h yd roc arbon s ,  a n d  po l yn uc l e ar a roma t i c s , and there fore sho u ld b e  
d e s ig nated a s  h a z a rd ou s  wa s te s . 

AP I r e v i e wed the  E PA Re por t  to Cong re s s  and i n  De c embe r 1 9 8 1  
s e n t  a c r i t iq ue to the Ag ency . The A P I  c r i t ique que s t ions  the 
scope o f  the repo r t  a s  i t  re l a te s  to the mand a t e s  of Sec t io n  8 o f  
the Us ed Oi l Re cyc l i ng Ac t o f  1 9 8 0  a nd cha l l e ng e s  the  S c i e n t i f i c  
ac curacy o f  the f a c t s  used to d e term i ne tha t c e r ta i n  used o i l s  are 
ha zard ou s  wa s te s . 4 8  

In February 1 9 8 1 ,  She l l O i l  f i l ed a repo r t  und e r  the  requ i r e­
ments o f  8 ( e )  o f  the To x i c  Subs tan c e s  Control Ac t ( T SCA ) . 4 9  Th i s  
" s ub s t an t i a l  r i s k  no t ic e "  repor ted that u s ed l ubr i c a t i ng o i l s  f ro m  
gaso l ine e ng i n e s  caused  ma l i g nant t umors i n  m i c e  s k i n  pa in t i ng 
s t ud ie s . The s e  s k i n  pa i n t i ng s t ud i e s  were s pon sored by A P I ,  u s i ng 
a compo s i te b l end o f  1 5  u s ed g a so l ine e ng ine o i l  s amp l e s . 

Bo th the repo r t  to Cong re s s  and the TSCA 8 ( e )  n ot i f i c a t ion we r e  
used b y  E PA i n  d ra f t i ng h a z a rd ous wa s t e  o i l re g ul a t ions  und e r  Par t 
2 6 6  o f  RCRA . The Pa r t  2 6 6  w a s t e  o i l  reg u l a t i o n s  are prese n tl y  an 
unp ub l i s hed d ra f t  d o c umen t . S O  I t  is  e xpec ted that  p ropo s e d  re g ­
u l a t ions wi l l  b e  pub l i shed in  t h e  Federal Reg i s te r  i n  1 9 8 2 . The 
d ra f t  reg ula t io n s  i ncorpo r a te the i d e n t i c a l  d e f i n i t io n  o f  h a z a rd ou s  
wa s te o i l s  a s  pub l i sh ed i n  E PA ' s  repo r t  t o  Co ng re s s ; i . e . , u n u s e d  
o i l s  s p i l l ed t o  l a nd and the  o i l y d e b r i s  f rom c l e anup o f  s p i l l s  t o  
l and o r  sur face wa te r s , u s e d  au tomo t ive o i l s ,  a nd u s e d  ind u s t r i a l  
o i l s . The reg u l a t ions wo uld apply t o  persons who s tore , tre a t , 
recyc l e , o r  d i spos e  by t h e rma l tre atme n t  o f  wa s t e  o i l s . In the 
d ra f t  reg u la t ion s , spec i a l  e x emp t ions we re g i ven to s e rv i c e  s t a­
t ions and col le c t ion c e n t e r s . Th e an t i c ipated reg u l a t ions u t i l i ze 
a pe rmi t-by-rule approach w i t h  the e x cept ion o f  road o i l i n g  w i t h  
wa s te o i l , wh ich wi l l  b e  con s id ered o n  a c a s e- by - c a s e  ba s i s . Di s­
po s a l  o f  wa s te o i l  by me ans o ther than thermal t re a tmen t ( e . g . , 
l and f i l l i ng )  i s  reg u l a te d  under Pa r t  2 6 4 o r  2 6 5 o f  RCRA . The 
reg u l a t ions d e l i ne a te admin i s tra t ive , per formanc e , t e c hn i c a l , a nd 
manag eme n t  requ i reme n ts . 

EPA h a s  con t i n ue d  to g ive c l e a r  s ig na l s tha t i t  i n tend s  to 
reg u l a te used o i l s  a s  ha z a rd ou s  wa s te s . If t h i s  o c c ur s , it w i l l 
c ause  l arge impa c t s  i n  the marke t i ng areas wi th the po ss i b i l i ty o f  
l i t tl e  c ommens ura te env i ro nme n t a l  bene f i t .  Th i s  re s u l t s  f rom t h e  
pos s i b i l i ty tha t reg u l a tory e n tang l eme n ts o f  t h e  h a z a rd o u s  wa s te 
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l i s t ing w i l l  ac t u a l l y  d i sco urage the r e c yc l i ng o f  used o i l s  t h ro ug h  
inc reased pape rwo rk , mon i tor ing , r ec ord ke ep i ng , a nd te s t i ng 
requ i reme n t s  on used o i l  c o l l e c tor s . 

Many s ta te s  h ave o r  are con s id e r i ng l e g i s l a t io n  requ i r i ng o il 
marke ters to accept used o i l  from " do- i t-yo ur se l f e r s . "  Ma ny s e r­
v ic e  s ta t ions and r e c yc l i ng c e n ters now c o l l e c t  u s ed o i l s  and s e l l 
them to col l e c to r s  fo r r e- r e f i n i ng or burn i ng . 

The re- r e f i n i ng i nd u s t ry h a s  no t prospe red in r e c e n t  ye ars be­
cause o f  a n umb e r  o f  probl ems . Pr ior t o  1 9 6 5 ,  there were abo u t  1 6 5  
re-r e f iners , wh i l e  i n  1 9 8 0  t h e re we re only abo u t  2 0 .  Among the 
probl ems tha t con t r i b u ted to the d e c l ine were the 1 9 6 5  Ta x Law , 
e nv i ronmental contro l s , and the gove rnme n t  proh i b i t i o n  o n  the use  
of r e-re f ined o i l s . 

Th e 1 9 6 5  Tax Law requ i red r e-re f in e r s  to pay a l ub r i c a t i ng o il 
tax of $ 0 . 0 6  p e r  g a l l o n  o n  the f i n i s hed prod uc t ,  a nd many re­
re f iners cea sed opera t io n  because they could  no t compe te i n  t h e  
l ube o i l  ma rke t .  Wi th t h e  d eve lopment o f  s t r i ng e n t  e nv i ro nme n ta l  
con t ro l s  i n  t h e  m i d - 1 9 7 0 ' s ,  e v e n  more r e-re f i n e r s  wen t  o u t  o f  
b u s i n e s s  because they cou l d  no t a f fo rd t h e  cos t s  o f  compl i a nc e . 
La ter , more s tr i ng e n t  reg u l a t ions for wa s t e  d i spo s a l  and l and f i l l  
c au s ed ma ny more re- r e f i n e r s  to c e a s e  ope r a t i o n s  d ue to the i r 
inab i l i ty to d i s po s e  o f  ac id s l udge s g e n e ra t ed by t he r e-re f i n i ng 
pro ce ss . 

Al though the g ove rnme n t  and the m i l i tary u s ed r e - r e f i ned o i l s  
d ur ing Wo r l d  Wa r I I ,  they proh ib i ted the i r  u s e  i n  the e ar l y  1 9 6 0 ' s  
for the fo l l ow i ng reaso n s : 

• The increas i ng u se o f  chem i c a l  add i t i v e s  i n  l ub r i c a t i ng 
o i l s to enhance the i r  per formance c re a ted problems i n  
re- r e f i n ing to the ex tent  that some re - r e f i ne r s  " cu t  
corner s "  and d id no t prod uce h i g h-qua l i ty p rod uc t s  e v e n  
though t h e  technology t o  do s o  wa s known . 

• Th e re- r e f i n e r s  we re be i ng sque e z e d  by t a x e s ,  mark e t  
l im i t a t i on s , and wa s t e  d i spo s a l  probl ems , s o  tha t 
pur chasers could  no t d epend on cons i s te n t  qu a l i ty . 

• Eng i ne l u b r i c a t i o n  became more c r i t i c a l and requ i red o i l s  
wi th spec i a l  per forma nc e charac te r i s t ic s . 

Mor e  recent f e d e r a l  l e g i s l a t io n  ( e . g . , the  Used Oi l Re c y c l ing 
Ac t of 1 9 8 0 ) has ad d re s s ed the re-r e f i ned o i l s  prob l em and requ i re s  
tha t t h e  gover nme n t  and m i l i ta ry approve the i r  u s e  prov i d ed that 
the re-r e f ined o i l s  me e t  spe c i f i c a t i ons . Th i s  l eg i s l at io n , the  
need for e n e rgy conservat ion , and the i nc re a s i ng cos t o f  c r ud e  o i l  
has l ed to new i n te r e s t  i n  the re- r e f i n ing i nd u s t ry . 

Th e oppo r t un i ty e x i s t s  to i n c re a se the re- r e f i n ing of u s e d  o i l s  
to enhance e nergy cons erva t io n  wi tho u t  ad v e r s e  e f fe c t s  to the  e n­
v ironme n t . Howe ve r ,  t he re are concerns that  E PA ' s  prog ram to l i s t  
used o i l s as  ha zard o u s  wa s te s  w i l l  ac t u al l y  d isco urage the recy­
c l ing of used o i l s . 
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TABLE 5 7  

E nvi ronmental E xEenditures in S torage , T ransEortation , and Marketing -- 1 9 7 1 - 1 9 8 0  

( M il l ions o f  Dollar s ) 

Total 

1 9 7 1  1 9 7 2  1 9 7 3  1 9 74 1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  1 9 7 1 - 1 9 8 0  -

Capi tal Expenditures 

Air $4 7 $ 2 4  $ 5 3  $ 1 2 7 $ 9 2  $ 6 6  $ 4 1  $ 3 8 $ 5 8  $ 1 0 7  $ 6 5 3  

Water 3 0  3 0  3 9  5 6  1 0 9 73 58 5 1  5 4  8 8  5 8 8  

L and a nd Other 1 7  2 2  1 7  4 3  3 2 6  1 9 1  1 0 9 2 2  1 5  2 8  7 9 0  -- -- -- --

Subtota l  $ 94 $ 7 6  $ 1 0 9 $ 2 2 6  $ 5 2 7  $ 3 3 0  $ 2 0 8 $ 1 1 1  $ 1 2 7 $ 2 2 3  $ 2 , 0 3 1  

Admini strative , Operating , 

& Maintenance Expe nditures 

Air $ 1 9 $ 1 8  $ 2 5  $46 $4 1 $ 4 0  $ 4 1  $ 4 1  $ 4 9  $ 7 3  $ 3 93 

W ater 2 6  2 1  2 3  3 3  3 9  5 9  5 0  5 8  54 6 3  4 2 6  

Land and Other 1 2  1 3  1 3  1 3  1 1  1 7  1 3 2 2 9  2 3  2 7  2 9 0  -- -- --

Sub total $ 5 7  $ 5 2  $ 6 1  $ 9 2  $ 9 1  $ 1 1 6 $ 2 2 3  $ 1 2 8 $ 1 2 6 $ 1 63 $ 1 , 1 0 9  

Total $ 1 5 1 $ 1 28 $ 1 7 0 $ 3 1 8  $ 6 1 8  $446 $ 4 3 1 $ 2 3 9  $ 2 5 3  $ 3 8 6  $ 3 , 1 4 0 

SOURCE : Amer ican Pe troleum I nstitute , E nvironment a l  E xpenditures o f  the United S tates P etroleum I ndus try , 

1 9 7 1 - 1 9 8 0 , 1 9 8 1 . 



ENVIRONMENTAL E XPENDITURES 

Env i ro nme n t a l  e xpend i t ure in forma t ion col l e c ted by the A P I  
Env i ronme n ta l  Expend i tur e s  Survey ( s ee Ta ble  5 7 )  s hows that  to tal 
1 9 8 0 pol l u t ion control costs for the s torag e , transpo r t a t ion , and 
marke t i ng ind u s try segme n t s  we re $ 3 8 6  mi l l ion , about  1 0  p e r c e n t  o f  
the to t a l  pol l u t io n  control e xpend i t ur e s  for the  e n t i re pe t ro l e um 
ind u s try . 51 For the 1 0 -ye a r  per iod o f  1 9 7 1  t o  1 9 8 0 ,  s torag e , 
transportat ion , and marke t i ng pol l u t ion con t ro l  e xpend i t ure s 
total l ed ove r  $ 3  b i l l ion , a bou t 1 5  p e r ce n t o f  t o t a l  pe tro l e um 
ind u s try pol l u t io n  con trol e xpend i t ure s . 

A Ba t t e l l e  repo r t , e n t i t l e d  The C o s t  o f  E nv i ro nmen t a l  Reg u l a­
t ions to the P e t ro l e um I nd u s try , �p r e se n ts e s t imate s o f  e nv i ron­
men tal control co s t s  to the pe t ro l e um ind u s try f ro m  1 9 6 5  t h roug h 
1 9 9 0 . It shows the cos t s  o f  e x i s t i ng and expe c ted reg u l a t i on s and 
the i ncreme n t a l  co s t s  of spec i f i c con trol s .  The c o s t s  i nc l ud e  bot h 
c ap i tal e xpe nd i tur e s  and cash ope r a t i ng c o s t s . 

Th e d ome s t i c transpo r ta t ion se c to r ' s  share o f  t h e  to tal in­
d us try ' s  e nv i ro nme n ta l  co s t s  in 1 9 9 0  is smal l , abou t  4 p e r c e n t  o f  
the to tal , wi th a n t i c ipa ted 1 9 9 0  annual i z e d  cos t s  o f  $ 6 3 0  m i l l ion . 
In the tran s po r t a t ion s e c to r , c o s t s  are a s  f o l l ow s : 1 7  perc e n t  for 
a ir control ; 70 p er c e n t fo r wa te r ; a nd 1 3  p e rc e n t  fo r o th e r  ( e . g . ,  
Tran s -Al aska Pipe l i n e  env i ro nme n t a l  e f fort s ) .  The l arg e s t  s i ng l e  
c os t , $ 2 6 2 m i l l io n , r e s u l ted from spe c i f i c a t i o n s  fo r new tanke rs 
and mod i f ica t io n  o f  e x i s t i ng tanker s ;  con t i ng en c y  pl ann i ng f o r  
spi l l s  c os t  $ 7 0  m i l l ion , a nd var ious Al aska e nv i ro nmen ta l  impac t 
work cos t $ 8 0  m i l l io n . 

The d i s tr i b u t ion and marke t i ng s e c tor s ' share  o f  the  to t a l  
i nd u s try ' s  e nv i ro nmen tal cos t s  i n  1 9 9 0 i s  a l s o  sma l l ,  a b o u t  3 
perc e n t  o f  the to ta l , with  an t i c i pa te d  1 9 9 0  annual i zed co s t s  o f  
$ 51 0  m i l l ion . In 1 9 9 0 ,  c o s t s  o f  $ 1 9 0 m i l l io n  are e x p e c ted to 
occur d ue to s urve i l l ance and cap i tal re covery o f  the  i n s t a l l a t ions 
mad e  i n  the mid - 1 9 7 0 ' s .  Wa ter c l e anup is abo u t  3 6  p e r c e n t  of the 
whol e , r e l a ted to d eveloping S PC C  pl an s and t re a t i ng r u no f f  water 
a t  t e rm i nal s and bu l k  p l an t s . The mos t  c o s t l y  po l l u t io n  control  
reg u l a t ions i n  the  a i r  ca tego ry are for the  control  o f  vapo r s  f rom 
term in al , b u l k  pl an t ,  and s e rv i ce s t a t i o n  g a so l i n e  s to ra g e  tanks . 
The se con s t i t u t e  2 7 p e rc e n t  o f  the to tal , o r  $ 1 3 5 m i l l ion i n  1 9 9 0 .  
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CHAPTER F I VE 

PRODUCT US E 

INTRODUCT I ON 

In ad d i t ion to the env i ronmental  impac t s  o f  pe trole um i nd u s try 
ope ra t ions as s uc h , the use of pe tro l e um prod u c t s  h a s  some e n v i ­
ronmental  impac t s . Compl iance with  env i ronme n t a l  r e q u i rement s , 
whe ther man d a to ry o r  vo l u n tary , has  a f f e c te d  the c ompo s i t io n  and 
d i s tr i bu t ion o f  p e t ro l e um prod uc t s . Th i s  s e c t ion pre s e n t s  an 
ove rv iew of tho se prod uc ts tha t hav e m i no r  o r  n eg l ig i b l e  env i ron­
men tal s ig n i f ic ance , and a more d e ta i l ed d i s c us s io n  of the  are a s  
i n  wh ich the impa c t s  have been much g re a te r . 

Tab l e  5 8  con ta in s  a par t i a l  l i s t  o f  the c l a s s e s  o f  prod uc t s  
marke ted b y  t h e  i n d u s try and re f l e c t s  t h e  scope a n d  r e l a t ive quan­
t i t i e s  o f  the prod uc t s man u f a c t ur ed . Al thoug h 8 7  p e r c e n t  o f  a l l  
prod uc ts are i nc l ud ed i n  t h e  " f ue l s "  ca tego ry , o t h e r  p rod u c t s  ar e 
important to the n a t ional economy . Lub r i c an t s  ( 0 . 9  p e r cen t o f  
to t a l  prod uct s ) , for e x ampl e , l i teral l y  " ke e p  the  whe e l s  o f  i n­
d u s t ry t u r n ing " wi th ma te r i a l s  to mee t  a l mo s t  e v e ry f r i c t io n­
red uc i ng need . Pe trole um-d e r ived chemical  prod u c t s  ( 4 . 0  percen t 
o f  total prod u c t s ) f i l l  chem i cal marke t need s . 

The ma j or env i ro nme n ta l  impa cts  f rom the u s e  o f  pe t ro l e um p ro­
d uc t s  as f ue l  are d i s c u s se d  und e r  the head i ng of F u e l s , and ar e 
s ubd iv i d ed i n to the impa c t s  from s ta t ionary source s a nd mob i l e  
so urce s . Fol l owing t h a t  s e c t ion i s  a d i s c u s s ion o f  t h e  i mpacts  
o f  l ub r i c an ts and a sphal t s . 

FUELS 

As i nd i c a t ed in Tabl e 5 8 ,  approx ima te ly 8 7  p e r c e n t of pe t ro l e um 
prod uc ts , e x c l u s ive o f  na tural gas , i s  consumed a s  f ue l . In ad­
d i t ion , 2 0 . 1  b i l l io n  c ub i c  f e e t of  n a t ur a l  gas wa s cons umed i n  
1 9 8 0 . 1 Th e u s e  o f  pe tro l e um produc ts a s  f u e l  g e n e r a te s em i s s ions 
of  s u l f ur o x id e s  ( S Ox ) ,  n i t rogen ox ide s ( N Ox ) ,  pa r t ic u l a te s , 
carbon mono x i d e  ( C O ) , a nd unbur ned hyd ro carbons . 

Th e comp l e te o x i d a t ion ( burn ing ) o f  any c arbonaceous  m a te r i a l  
conve r t s  t h e  ma t e r i al i n to c arbon d iox ide a n d  wa te r . Whe n  t h e  
oxid i z i ng med i um i s  a i r ( approx ima te l y 8 0  p e r c e n t n i trog e n  conten t )  
and the m i x t ure i s  h i gh i n  oxyg e n  ( i . e . , l e a n ) accompan i e d  by h ig h  
tempe r a t ure , some NOx w i l l  be fo rmed . Un l e s s  the m i x t ur e  r a t i o  
i s  we l l  con t ro l l ed a n d  good m i x i ng i s  ma i n t a i ne d , t h e r e  w i l l  b e  
a re as o f  f l ame tha t a r e  l ow i n  oxyg e n  ( r ic h  i n  f ue l ) a nd i n  wh i c h  
par t i c u l a te carbon o r  smoke w i l l  b e  forme d . Any s ul f ur i n  the 
mix t ure wi l l  be ox id i ze d  to SOx , mos t  o f  the n i trog e n  compo und s 
w i l l  be ox id i zed to N Ox , and any me ta l s  o r  o t h e r  e l emen t s  w i l l  
form the i r  re spe c t ive ox id e s . 
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TABLE 58 

Major Petroleum P roduct Use by Sector - - 1 9 8 0 *  

Fuel P roducts 

I ndus tr i al Secto r  
Di s t i l late F u e l  O i l  
Re s i dua l Fuel O i l  
Liquef ied Gases 
Motor Ga s o l ine 
'Kerosene 
Other 
Natural Gas t 

Re s i dent i al and Comme rcial Sector 
Di s t i l late Fuel O i l  
Re s i dua l Fue l O i l  
Liquef ied Gases 
Ke rosene 
Motor Gasol ine 
Natur al Ga s t 

Transportation S e c tor 
Avi ation Gasoline 
D i s t i l late Fuel O i l  
Je t F u e l  
Motor Ga s o l ine 
Re s i dua l Fuel Oil 
Liquef ied Gases 

E lectric Ut i l i ty Sector 
D i s t i l la te Fuel O i l  
J e t  Fue l 
Res i dual Fuel O i l  
Other 

Non-Fu e l  P roducts 

Indus trial Sector 
Ethane 
Lique fied Gases 
Lub r icants 
Petr o chemical Feed Stocks 
Petroleum Coke 
Spe c i a l  Naphthas 
Wax 
M i s c e l l aneous 
Natural Gas t 

Re s i dential and Commercial Se ctor 
Aspha lt and Road O i l  

Transportatio n  
Lub r icants 

M i l l ions 
of Barre l s  

2 5 7  

2 5 8  

1 69 

28 

2 1  

3 0 4  

3 53 

86 

1 3 6 

38 

2 0  

1 3  

4 0 1  

3 8 7  

2 , 3 62 

1 3 2 

2 

39 

2 

4 3 8  

1 2 3 

1 1 1  

3 0  

2 5 1  

1 7  

3 6  

6 

39 

1 4 6  

28 

6 , 2 3 4  

Perce ntage 
of Total 

4. 1 

4 .  1 

2 . 7  

0 . 4  

0 . 3  

4 . 9  

5 . 7  

1 . 4  

2 . 2  

0 . 6  

0 . 3  

0 . 2  

6 . 4 

6 . 2  

3 7 . 9  

2 .  1 

< 0 .  1 

0 . 6  

< 0 . 1 

7 . 0  

< 0 .  1 

2 . 0  

1 .  8 

o . s  
4 . 0  

0 . 3  

0 . 6  

0 . 1  

0 . 6  

2 . 4  

0 . 4 

1 0 0 . 0  

*
source of data : Ene rgy I n formation Admini stratio n ,  1 9 80 Annual Report to 

Congres s ,  Volume I I .  
tNatural gas not inc luded i n  to tal s .  
§Tota l s  may not add due to roundi ng. 

4 4 4  



I .  S ta t i onary Source s  

Pe troleum prod u c t s  are w i d e l y  used i n  i nd u s tr i a l  p l a n t s  f o r  
e l e c t r i c  power g e n e r a t ion , d ome s t i c a nd c omme r c i a l  h ea t i ng , a nd 
manu factu r i ng proces se s .  Whe n u sed as f u e l s  they g e ne r a t e  g a s e ou s  
emi s s ions as pa rt o f  the c omb u s t ion pro c e s s .  T h u s , s uch p l a n t s  are 
known as s tat ionary sou rce s . Evapora t i ve em i s s ions can a l so occur 
i n  comme r c i a l  proce s s e s . The s tat ionary p l a n t  emi s s i o n s  that  
rece ive pr imary a t t e n t ion b e ca u se of  the i r  impact  o n  a tmo s ph e r i c  
qua l i ty are S Ox , part i c u l a te s , NOx , CO , a n d  unb urned hyd ro­
c a rb ons . 

Coal i s  the ma j or f u e l  u sed i n  powe r ge ne ra t i on and i t s u s e  for 
th i s  pu rpose is e x pe ct e d  to i ncrea s e ; howeve r ,  pe t ro l eum f ue l s , i n  
e i ther gaseous o r  l iq u id form , wi l l  con t i nue t o  prov i d e  a l a rg e  
pa rt o f  power ge n e ra t ion f u e l  needs . Re cen t l y , e nv i ronme n t a l  re­
s tr i c t ions imposed on the b u r n i ng o f  coa l h ave red u c ed i t s a t t rac­
t i ve n e s s  as a f u e l . Th e s e  r e s t r i c t ions re s u l te d  f rom the N ew 
Source P e r fo rmance S t a nd a rd ( NSPS ) for s u l f u r  emi s s i ons f rom n ew 
coal-b u rn i ng e l e c t r i c  u t i l i ty s team-g e n e ra t i ng un i ts . Th i s  s tan­
d a rd req u i red a pe r c e ntage red uct ion in em i s s ions ; t h u s , s tack g a s  
desul f u r i z a t ion u n i t s  w e r e  neces sary , no m a t t e r  how l ow t h e  s u l f u r  
c o n t e n t  of  the coal . N u c l e a r  p l a n t  deve l opme n t  h a s  l ag ged i n  i ts 
rate o f  g rowth , b u t  i s  expe cted to g rad u a l l y  r e d u c e  pe t rol eum f u e l  
needs f o r  powe r ge ne r a t ion i n  the f uture . Fue l c omb u s t ion s ta t ion­
ary sourc e s  c u r re n tl y  are the larg e s t  s i ng l e  source o f  SO x a nd 
part i c u l a t e  a i r  po l l u ta n t s  ( s ee Tab l e s  5 9  a nd 6 0 ) .  O t h e r  a i r  po l­
l utants i n c l ude NOx , CO , and unb u rned hyd rocarb on s , a l though the  
amounts  o f  CO a nd hyd roc a rbons em i t ted f rom s ta t ionary c omb u s t io n  
sour ces are i ns i gn i f i c a n t  compared w i th mob i le s o u r c e  em i s s ions 
( s ee Tab le s  61  and 6 2 ) . 

Em i s s ions from d ome s t i c and comme rc i a l  h e a t i ng u n i t s  are tho s e  
commonly a s soc i a ted w i th t h e  b u rn i ng of  fos s i l  f ue l s . A l though the  
total  qua n t i t ie s  are less  than those f r om powe r ge n e ra t ion , t h e i r  
e f fe c t  o n  g round - l e ve l  con c e n t rat ion i n  s ome case s c a n  b e  g re a t e r , 
d ue to d i s pe rsed l ow- l ev e l  em i s s ion sou r ce s . 

A .  SOx Emi s s ions and Con t rol Techn ique s 

1 .  Emi s s ions 

SOx em i s s ions occur  pr ima r i l y  from s ta t i on a ry source f ue l  
comb u s t ion a nd other  i nd u s t r i a l  proce s s e s . I t  h a s  b ee n  e s t i ma te d  
that i n  1 9 7 9 , SOx f r om f u e l  o i l  c omb u s t ion repre s e n ted approx i ­
ma tely 1 6  pe rcent o f  t h e  total SOx f rom a l l  f u e l  c omb u s t i on . 2 
From 1 9 7 0  to 1 9 7 9 ,  emi s s ions of  SOx d e c re ased b y  1 3  p e r c e n t  
( Tab le 6 3 ) .  

S u l f u r  e nt e rs the  atmosph e re as a i r  pol l u ta n t s  i n  the  form o f  
s u l fur d i o x i d e  ( S02 ) ,  s u l f ur t r iox id e , hyd rog e n  s u l f i d e  ( H 2 S ) , 
carb on d i s u l f i d e s , c a rb ony l su l f id e , s u l f u r i c  a c id , and pa r t i c u l a te 
s u l fa tes , and a s  natural  emanat ions i n  the f o rm o f  H 2 S a nd s u l ­
fates . Abo u t  one- th i rd o f  t h e  s u l f u r  c omes from anthr opog e n i c  
( man-mad e ) source s , mo s t l y  i n  the form o f  S 02 , a nd t h e  rema i nd e r  
from n a t u r a l  proces s e s . 
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TABLE 5 9  

N ational E s t i ma t e s  o f  S u l f ur O x i de Emi s s ions - - 1 9 7 0 - 1 9 7 9  

( M i l l io n  Me tr i c  Tons P e r  Year ) 

Source C atego r y  1 9 7 0  1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  

T ranspo r t a t io n  
H i ghway Veh ic le s  0 . 3  0 . 3 0 . 3  0 . 3  0 . 3  0 . 3  0 . 4  0 . 4  0 . 4  0 . 4  

1\ i r c ra f t  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  
Rai lroads 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 . 1 0 . 1  0 .  1 

Ve s se l s  0 . 2  0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 . 2  0 . 2  0 . 2  0 . 2  

Other O f f- H ighway Veh ic l es 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 . 1  0 .  1 0 .  1 0 .  1 -- -- -- --
T r anspo rtatio n Total 0 . 7  0 . 6  0 . 6  0 . 6  0 . 6  0 . 6  0 . 8  0 . 8  0 . 8  0 .  8 

S t a tionary Sour c e  Fuel Combus t io n  
E l e c t r i c  Uti l it i es 1 5 . 6  1 5 . 4  1 5 . 6  1 7 . 0  1 6 . 5  1 6 . 5  1 7 .  1 1 6 . 9  1 6 . 0  1 6 . 0 

I ndus tri al 3 . 6  3 . 0  2 . 9  2 . 6  2 . 3  2 . 2  2 .  1 2 . 0  2 . 0  2 . 3 

Comme r c i a l / I n s t i tutional 1 • 3 1 . 3 1 .  3 1 • 3 1 .  2 1 .  0 1 . 2 1 • 1 1 • 1 1 .  0 
� Re s i de n t ial 0 . 6 0 . 6 0 . 4  0 . 4  0 . 4 0 . 3  0 . 3  0 . 3  0 . 3  0 . 3  � 
"' Fuel Combus t io n  Total 2 1 .  1 2 0 . 3  2 0 .  2 2 1 .  3 2 0 . 4  2 0 . 0  2 0 . 7  2 0 . 3  1 9 . 4  1 9 . 6  

Indu s tr i a l  Proce s se s  6 . 4  5 . 9  6 . 5  6 . 5  5 . 7  4 . 6  4 . 4  4 . 3  4 . 1 4 .  1 

S o l id Was te D i s po s a l  
I n c i n e ratio n  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  
Ope n B urning o . o  o . o  o . o  o . o o . o  o . o  o . o  o . o  o . o o . o  -- -- --

S o l i d  Waste Total o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  

M i scel laneous 
Forest Fires o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  
Other B u r n i ng 0 .  1 0 .  1 0 .  1 0 .  1 o . o  o . o  o . o  o . o  o . o  o . o  
M i s c e l laneous O r ga n ic So lvent o . o  o . o  o . o  o . o o . o  o . o  o . o  o . o  o . o  o . o  -- --

M i s c e l laneous Total 0 .  1 0 .  1 0 .  1 0 .  1 o . o  o . o  o . o o . o  o . o  o . o  

T otal 2 8 . 3 2 6 . 9  2 7 . 4  2 8 . 5  2 6 . 7  2 5 . 2  2 5 . 9  2 5 . 4  2 4 . 3 2 4 . 5 

SOU RC E :  u . s .  Environmen t al Prote c t io n  Age n c y , N a t i on a l  A i r  P o l lutant Emi s s i o n  E s tima te s , 1 9 7 0 - 1 9 7 9 1 

March 1 9 8 1 . 



TABLE 6 0  

National E s t imates o f  P a r t i culate Emi s s ions - - 1 9 7 0 - 1 9 7 9  

( M i l l io n  M e tr i c  Ton s  Per Year ) 

Source C ategory 1 9 7 0  1 9 7 1 1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  

T r an s po rtatio n  
H i ghway Ve h i c l e s  0 . 9  1 • 0 1 .  0 1 . 1  1 • 1 1 • 0 1 • 1 1 . 1  1 • 1 1 . 1  

A i r c raft 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 

R a i l roads 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 

Ve s se l s  0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 o . o o . o  o . o  o . o  o . o  
Other O f f- H i ghway Veh ic l es 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 -- -- -- -- -- --

T r ansportation Total 1 • 3 1 .  4 1 . 4 1 . 5  1 . 5  1 • 3 1 . 4 1 .  4 1 .  4 1 . 4  

S t a t io n ary Source Fue l Combu s t io n  
E l e c tr ic Uti l i t i es 4 .  1 3 . 6  2 . 9  2 . 9  2 . 6  2 . 4  1 . 9 1 . 8 1 . 7 1 • 5 

I nd u s tr i al 2 . 8  2 .  1 1 .  4 1 . 1  1 .  0 0 . 8  0 . 7  0 . 7  0 . 6  0 . 6  

Comme r c i a l / I n s t i t ut io n a l  0 .  1 0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  
� Re s i de nt i al 0 . 2  0 . 2  0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 . 2  0 . 2  0 . 2 � 
-...J Fuel Combus t ion Total 7 . 3  6 .  1 4 . 6  4 . 3 3 . 9  3 . 5  2 . 9 2 . 9  2 . 7  2 . 5  

I n du s tr ial Pro c e s ses 1 0 . 2  9 . 6  9 . 4  8 . 5  7 . 0  5 . 5  4 . 9  4 . 4  4 . 4  4 . 3 

S o l i d  Waste D i sposal 
I n c ineratio n  0 . 4  0 . 4  0 . 3  0 . 3  0 . 3 0 . 3  0 . 2  0 . 2  0 . 2 0 . 2  

Open Burn i ng 0 . 7  0 . 5  0 . 4 0 . 3  0 . 3  0 . 3  0 . 2  0 . 2  0 . 2  0 . 2  
-- -- --

S o l i d  Wa s t e  Total 1 • 1 0 . 9  0 . 7  0 . 6  0 . 6  0 . 6  0 . 4  0 . 4  0 . 4  0 . 4  

M i s c e l laneous 
F o r e s t  Fires 0 . 7  0 . 9  0 . 7  0 . 7  0 . 8  0 . 6  0 . 9  0 . 7  0 . 7  0 . 8  

Othe r Bur n ing 0 . 4  0 . 3  0 . 2  0 . 2  0 . 2  0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 

Mi s c e l laneous Orga n i c  S o l vent o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o 
-- -- --

M i scel lan eous Total 1 . 1  1 .  2 0 . 9  0 . 9  1 .  0 0 . 7  1 .  0 0 . 8  0 . 8  0 . 9  

Total 2 1 . 0  1 9 . 0 1 7 . 0  1 5 . 8  1 4 . 0  1 1 . 6  1 0 . 6  9 . 9  9 . 7 9 . 5  

SOURCE : u . s . E nv i r o nmental Protec t i o n  A ge n c y , N a t i o n a l  A i r  P o l l utant Emi s s i o n  E st imate s , 1 9 7 0 - 1 9 7 9 , 

March 1 9 8 1 . 



TABLE 6 1  

N a t ional E s t imates o f  C arbon Mono x i de Emi s s i on s  - - 1 9 7 0 - 1 9 7 9  

( M i l l ion Me tr ic Tons P e r  Year ) 

S ource C atego r y  1 9 7 0  1 9 7 1 1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5 1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  

T r ansportation 
H i ghway Ve hic l es 7 9 . 0  7 9 . 4  8 0 . 9  7 9 . 7  7 4 . 6  7 3 . 5  7 3 . 0  7 1 . 4  7 0 . 3  6 5 . 9  

A i r c raf t 0 . 9  0 . 9  0 . 8  0 . 8  0 . 8  0 . 8  0 . 8  0 . 8  0 . 9  0 . 9  

Ra i lroads 0 . 3  0 . 2  0 . 3  0 . 3  0 . 3  0 . 2  0 . 3  0 . 3  0 . 3  0 . 3  

Ve s se l s  1 . 2  1 .  3 1 . 3 1 . 4 1 . 4 1 . 4  1 . 5  1 . 5  1 . 6 1 . 5 

Other O f f- H i ghway Veh i c l e s  7 . 3  7 . 0  6 . 8  6 . 6  5 . 8  5 . 7  5 . 8  5 . 7  5 . 5  5 . 9 -- --

T r ansportation Total 8 8 . 7  8 8 . 8  9 0 . 1 8 8 . 8  82 . 9  8 1 . 6  8 1 . 4  7 9 . 7 7 8 . 6  7 4 . 5  

S ta t ionary S our ce F u e l  Combustion 
E l ec tr i c  Uti l i t i es 0 . 2  0 . 2  0 . 3  0 . 3  0 . 3  0 . 3  0 . 3  0 . 3  0 . 3  0 . 3 

Indu s tr i al 0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5 0 . 5  0 . 5  0 . 5  

*"" Comme r c i a l/Insti tutional 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 *"" 
Re s i de nt i al 1 .  0 0 . 9 0 . 7  0 . 6 0 . 6 0 . 7  0 . 7  0 . 8  0 . 9 1 . 0 00 --

Fuel Combus t ion Total 1 .  8 1 . 7 1 .  6 1 . 5  1 . 5  1 .  6 1 . 6 1 . 7  1 .  8 1 .  9 

Indu s tr ia l  Pro c e s ses 9 . 0  8 . 8  8 . 4  8 . 6  8 .  1 6 . 9  6 . 6  6 . 6  6 . 3  6 . 3 

S o l id Wa s te Di sposal 
I n c i n e ra t ion 2 . 7  2 . 3  2 . 2  2 .  1 1 . 9 1 . 8 1 • 5 1 . 5  1 . 4 1 . 4 

Open Burning 3 . 7 2 . 7 2 .  1 1 . 7 1 . 5 1 • 3 1 . 2 1 . 1  1 . 1  1 . 1  -- -- -- -- --

S o l i d  Waste Total 6 . 4  5 . 0  4 . 3 3 . 8  3 . 4  3 .  1 2 . 7  2 . 6  2 . 5  2 . 5  

M i s c e l laneous 
F o r e s t  F ires 5 . 1 6 . 7  5 . 2  4 . 5  5 . 6  4 . 0  6 . 4  5 .  1 5 . 0  5 . 5  

Other Burn ing 1 . 9 1 . 6 1 . 1  0 . 9  0 . 9  0 . 8  0 . 7  0 . 7  0 . 7  0 . 7  

Mi s c e l laneous O r gan ic Solve n t  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  -- -- -- --

M i s c e l laneous Total 7 . 0  8 . 3 6 . 3 5 . 4  6 . 5 4 . 8  7 .  1 5 . 8  5 . 7  6 . 2 

T otal 1 1 2 . 9  1 1 2 . 6  1 1 0 . 7  1 0 8 .  1 1 0 2 . 4  9 8 . 0 99 . 4  9 6 . 4  94 . 9  9 1 . 4  

SOURCE : u . s .  E nv i ronme n t a l  Prote c t io n  Age nc y , N a t i o n a l  A i r  P o l lutant Emi s s i o n  E st imate s , 1 9 7 0- 1 9 7 9 , 

March 1 9 8 1 .  



TABLE 6 2  

N a t i on a l  E s t imat e s  o f  V o l a t i l e  O r ga n i c  C omEound Emi s s i o n s  - - 1 9 7 0 - 1 9 7 9  

( M il l ion M e t r i c  T o n s  Per Year ) 

Source C a tegory 1 9 7 0  1 9 7 1 1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 79 

T r a ns po rtation 
H i ghway Veh i c l e s  1 0 . 6  1 0 . 5  1 0 . 5  1 0 . 0  9 . 2  8 . 8  8 . 6  8 . 3  8 . 0  7 . 2 

A i r c raft 0 . 3 0 . 3 0 . 3 0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  

Ra i lr oads 0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  

Ve s se l s  0 . 4  0 . 4  0 . 4  0 . 4  0 . 4  0 . 4  0 . 5  0 . 5  0 . 5 0 . 5 

Other O f f- H i ghway Veh i c l e s  0 . 6 0 . 6  0 . 6 0 . 6  0 . 6 0 . 6 0 . 6  0 . 6 0 . 6 0 . 7  --

T r anspo r t a t io n  Total 1 2.  1 1 2 .  0 1 2 . 0  1 1 . 4 1 0 . 6  1 0 . 2  1 0 .  1 9 . 8  9 . 5  8 . 8  

S t a tionary Source Fuel Combus t ion 
E l e c tr i c U t i l it i es 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 

I ndus tr i al 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 

� Comme r c i a l / I n s t i tut ional o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  
� Re s i de n t i al 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 o . o  o . o  o . o  o . o  o . o  --1.0 Fue l Comb u s t ion Total 0 . 3  0 . 3  0 . 3  0 . 3  0 . 3  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  

I ndus tr i a l  Pro c e s ses 1 0 .  3 1 0 .  0 1 1 • 0 1 1 . 3  1 0 . 9  9 . 8  1 0 . 7  1 1 • 2 1 2 . 3  1 2 . 4  

S o l i d  Was te D i sposal 
I n c i n e r ation 0 . 5  0 . 5 0 . 4  0 . 4  0 . 4  0 . 4  0 . 4  0 . 4  0 . 4  0 . 4  

Open Burn i n g  1 • 3 1 • 0 0 . 7 0 . 6 0 . 5  0 . 5  0 . 4  0 . 4 0 . 4 0 . 4  -- -- -- -- -- -- -- --

S o l i d  Wa s te Total 1 . 8  1 . 5  1 . 1  1 • 0 0 . 9  0 . 9  0 . 8  0 . 8  0 . 8  0 . 8  

M i s c e l l an eous 
Forest F i r e s  0 . 7  0 . 9  0 . 7  0 . 6  0 . 7  0 . 5  0 . 9  0 . 7  0 . 7  0 . 7  

Other Bur n i ng 0 . 3  0 . 3  0 . 2  0 . 2  0 . 2  0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 

Mi s c e l laneous Orga n i c  S o l ve nt 2 . 2  2 . 0  2 .  1 2 . 0  1 . 9 1 . 7 1 . 6 1 . 6 1 . 8 1 . 6 -- -- --

Mi s c e l laneous Total 3 . 2  3 . 2  3 . 0  2 . 8  2 . 8  2 . 3  2 . 6  2 . 4  2 . 6  2 . 4  

T o t a l  2 7 . 7  2 7 . 0  2 7 . 4  2 6 . 8  2 5 . 5  2 3 . 4  2 4 . 4 2 4 . 4 2 5 . 4  2 4 . 6 

SOURCE : u . s .  E nv i ronme n t a l  Protect ion A gency , N a t ional A i r  P o l lutant E m i s s i o n  E s t imate s , 1 9 7 0 - 1 9 7 9 , 

March 1 9 8 1 . 



TABLE 6 3  

Summary of N ational Emi s s ion Estimates 1 9 7 0 - 1 9 79 

( M il l io n  Metr ic Tons Per Year ) 

Year TSP � � voc co 

1 9 7 0  2 1 . 0  28 . 3  1 9 .  1 2 7 . 7  1 1 2 . 9  

1 9 7 1  1 9 . 2  2 6 . 9  1 9 . 6  2 7 . 0  1 1 2 . 6  

1 9 72 1 7 . 0 2 7 . 4  1 0 . 7  2 7 . 4  1 1  o .  7 

1 9 73 1 5 . 8  2 8 . 5  2 1 . 2 2 6 . 8  1 0  8 .  1 

1 9 74 1 4 . 0 26 . 7  2 0 . 8  2 5 . 5 1 0 2 . 4  

1 9 7 5  1 1 . 6 2 5 . 2  2 0 . 2  2 3 . 4  9 8 . 0 

1 9 7 6  1 0 . 6  2 5 . 9  2 1 . 8  2 4 . 4 99 . 4  

1 9 77 9 . 9  2 5 . 4  2 2 . 4  2 4 . 4  9 6 . 4  

1 9 7 8  9 . 7  2 4 . 3 2 2 . 7  2 5 . 4  94 . 9  

1 9 79 9 . 5  2 4 . 5  2 2 . 6  2 4 . 6  9 1 . 4  

Change 

1 9 7 0- 1 9 7 9  -5 4 . 8% - 1 3 . 4% + 1 8 . 3 % - 1 1 . 2 % - 1 9 . 0 % 

SOURCE : Envi ronmental Protectio n  Agency , N ational Air Pol lutant Emi s s ion 

Estimates ,  1 9 7 0 - 1 9 7 9 ,  March 1 9 8 1 . 

so 2 h a s  b e e n  a ma j or po l l u ta n t  ever s i nce the  f i rs t  b u r n i ng 
of  l a rge q ua n t i t i e s  o f  so f t  coal and t h e  f i rs t  sme l t i ng o f  c oppe r 
s u l f i de ore . S i nce  the  turn o f  the cent ury , e s t i ma ted S 02 em i s­
s ions from coal b u r n i ng h ave i ncreased 3 6 3  p e r ce n t ; f rom pe trol eum 
comb u s t ion , 8 6 4  pe rcen t ;  a nd f rom sme l t i ng ,  7 0 7  p e r c e n t . Coal 
s t i l l  accou n t s  for the l a rg e s t  por t ion of  to t a l  wor l dw i d e  S 02 
emi s s ions . 3 

As shown i n  Tab l es 5 9  a nd 6 4 , SOx em i s s ions  f rom the  c omb u s­
t io n  o f  s u l fur-con ta i n i ng coal and re s id u a l  f ue l  o i l  b y  e l e c t r i c  
u t i l i t i e s  account f o r  more than h a l f o f  th e t o t a l  em i s s i ons f r om 
a l l  anthropog e n i c  source s . B e twe e n  1 9 7 0  a nd 1 9 7 9 , u t i l i ty u s e  o f  
coal i nc r e a s ed ab o u t  6 4  pe rcent and res i d u a l  o i l  u s e  i n c re a s ed 
about 5 0  p e r c en t . Emi s s ions f r om u t i l i t i e s  h ave i nc r e a s ed o n l y  
s l ig h tly , b e c a u s e  f u e l s  w i th lowe r s u l f u r  c on t e n t  have b ee n  u se d  t o  
the e x t e n t  that  t h e y  we re ava i l ab le . F l u e  g a s  d e s u l f ur i z a t i o n  
sys tems h a d  s e e n  o n l y  l im i t ed u s e , b u t  b y  the  l a t e  1 9 7 0 ' s  e nough 
un i t s we re i n  s e rv i c e as req u i red b y  NSPS to preve n t  add i t ional  
i n c re a s e s  in  e l e c t r i c  u t i l i ty e m i s s ions . T h e  1 9 7 9  e l e c t r i c  u t i l i ty 
em i s s ions wou l d  h ave b e e n  approx i ma te l y  5 p e r c e n t  h ig h e r  w i t hou t 
the ope r a t ion o f  f l ue g a s  d e s u l f u r i z a t ion con t ro l s .  S Ox em i s ­
s ions from o t h e r  f u e l  comb u s t io n  secto rs d e c re a s ed d u r i ng t h e  
decade , prima r i l y  d ue to l e s s  coal b u rn i ng b y  th e s e  consume r s , 
i . e . , o i l  rep l ac i ng coal . 

4 5 0  



TABLE 64 

Sulfur O x i de Emi s s ions f rom Fuel C ombustion i n  Stationary S ources --
( Thousand Me tric Tons Per Yea r ) 

Source Cate;rory 1 9 7 0  1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  

C oal 
E lectric Uti l i ties 1 4 ,  1 5 0 1 3 , 9 1 0  1 4 , 2 6 0  1 5 , 4 9 0  1 5 , 0 1 0  1 5 , 1 2 0  1 5 , 6 9 0  

Industr i al 2 , 7 90 2 , 28 0  2 , 1 5 0  1 ,  8 7 0  1 , 5 6 0  1 ,  5 9 0  1 , 3 3 0  

Res i dential/Comme rcial 5 1 0  4 8 0  3 4 0  3 0 0  3 0 0  2 2 0  2 2 0  

Coal Total 1 7 , 4 5 0  1 6 , 6 7 0  1 6 , 7 5 0  1 7 , 6 6 0  1 6 , 8 7 0  1 6 , 9 3 0  1 7 , 2 4 0 

Fuel O i l  
E l ectric Uti l i t i es 1 , 44 0  1 , 4 5  0 1 , 3 7 0  1 , 56 0  1 ,  5 2 0  1 , 3 6 0  1 ,  4 3  0 

Industrial 62 0 590 640 6 6 0  6 5 0  4 6 0  62 0 

Res i dential/Comme r c i a l  1 , 4 0 0  1 , 3 4 0  1 , 3 9 0  1 , 3 1 0  1 , 3 2 0  1 , 0 7 0  1 , 2 3 0  

Fue l O i l  Total 3 , 4 60 3 , 3 8 0  3 , 4 0 0  3 , 5 3 0  3 , 49 0  2 , 8 9 0  3 , 2 8 0  

*"" 
U1 N a tural Gas I-' 

E l ec tr ic U t i l i ties 0 0 0 0 0 0 0 

I ndustrial 0 0 0 0 0 0 0 

Res identia l/Commercial 0 0 0 0 0 0 0 

Natural Gas Total 0 0 0 0 0 0 0 

Wood 
I ndustrial 30 3 0  3 0  2 0  3 0  3 0  3 0  

Re s i de ntial 0 0 0 0 0 0 0 

Wood Total 3 0  3 0  3 0  2 0  3 0  3 0  3 0  

Other Fuels 
Industrial 1 1 0 90 1 0 0  90 1 0 0  90 1 2 0  

Res i de ntial 2 0  2 0  1 0  1 0  1 0  1 0  1 0  

Other Fue l s  Total 1 3 0 1 1  0 1 1 0 1 0  0 1 1 0 1 0 0  1 3 0  

Fuel Combustion Total 2 1 , 0 7 0  2 0 , 1 90 2 0 , 29 0  2 1 , 3 1 0 2 0 , 5 0 0 1 9 , 9 5 0  2 0 , 6 80 

SOURCE : u . s . E nv ironmental Protection Agency , N at ional A i r  P o l l utant Emi s s ion E s t imate s , 

1 9 7 0 - 1 9 7 9  

1 9 7 7  

1 5 , 2 7 0  

1 , 1 4 0 

2 5 0  

1 6 , 6 6 0  

1 , 62 0  

7 5 0  

1 ,  2 1 0  

3 , 5 80 

0 

0 

0 

0 

3 0  

0 

3 0  

1 2 0 

1 0  

1 3 0 

2 0 , 4 0 0  

1 9 7 8  

1 4 , 3 3 0  

1 , 1 9 0  

2 5 0  

1 5 , 7 7 0  

1 , 6 6 0  

6 6 0  

� 
3 , 4 3 0  

0 

0 

0 

0 

3 0  

0 

3 0  

1 1  0 

1 0  

1 2 0  

1 9 , 3 5 0  

1 9 7 0- 1 9 7 9 , March 1 9 8 1 . 

1 9 7 9  

1 4 , 5 2 0  

1 ,  5 4 0  

2 3 0  

1 6 , 29 0  

1 , 44 0  

6 2 0  

1 , 0 2 0  

3 , 0 8 0  

0 

0 

0 

0 

3 0  

0 

3 0  

1 2 0  

1 0  

1 3 0 

1 9 , 5 3 0  



A mode r a te i nc r e a s e  i n  coal u s e  for powe r g e n e r a t ion and a s l ow 
rev i ta l i z a t ion o f  the nuc l e a r  power i nd u s t ry a re e x pe ct ed . Re­
s id ua l  f u e l  o i l  w i l l  con t i nue to b e  a ma j or sou r c e  of f ue l  f o r  t h e  
forse e ab l e  f u tu r e . Howeve r , i t s  share o f  the  ma rk e t  i s  e xpe c te d  t o  
d e c rease s ig n i f i c a n tl y . 4 

2 .  Control Techn iques 

A vari e ty o f  approaches have been tak e n  for contro l l i ng SOx 
emi s s i ons f rom s t a t ionary sourc e s , i nc l ud i ng f u e l s ub s t i tu t ion , 
f ue l  de s u l fu r i z a t ion , and f l ue gas d e s u l f ur i z a t ion . 

a .  F u e l  S ub s t i tu t ion 

F u e l  s ub s t i t u t ion is  the repl aceme n t  o f  h ig h - s u l f ur f u e l s  w i th 
low- s u l f u r  f u e l s . Th i s  met hod wou l d  be the s impl e s t  approa ch i f  
the ava i l ab i l i ty a nd s upply o f  l ow- s u l f u r  f ue l s  were ampl e . Con­
v e rs ion to n u c l e a r , geothermal , or hyd ropow e r  e ne rg y  for e l ec t r i c  
pow e r  gene r a t ion cou l d  a l s o greatly reduce  t h e  em i s s i o n  o f  so 2 
f rom powe r p lan ts . An added b e ne f i t  o f  f u e l  s ub s t i t u t i on i s  the 
pos s ib le red u c t ion o f  part i c u l a t e  emi s s i ons i f  l ow- s u l f ur o i l  
rep l aces  coal . S w i tch i ng to e l e c tr i c  h e a t i ng cou l d  b e  con s i d e red a 
f u e l  s ub s t i tu t e  i f  i t  i s  prod u ced f rom a noncomb u s t ion proce s s  such 
as nuc l e a r  e n e rg y .  Otherw i s e , the SOx em i s s ions  wou l d  s imply b e  
rel oca t ed . 

L i m i tat i ons o n  i nc r e a s e s  i n  emi ss ions b y  the Preve nt ion o f  
S i gn i f i c a n t  D e t e r iorat ion a nd nona t t a i nme n t  r eg u la t i on s  o f  t h e  
C l e a n  A i r  Ac t a r e  r e s pons ib l e  f o r  proposed i nc r e a s ed u se o f  l ow­
s u l f u r  f u e l s , e s pe c i al l y  natural  g a s . Howeve r ,  the  l im i t e d  s up­
pl i e s  o f  l ow- s ul f u r  fue l s  and natural g a s  c a nnot b eg i n  to me e t  the  
nat ion ' s  r eq u i reme n t s  for fos s i l  f u e l s . Use o f  natural  gas  by 
i nd u s tr i e s  and powe r plants  is  l im i ted b y  the  ava i l ab i l i ty o f  new 
reserves o f  n a t ur a l  g a s  and its  need s for home h e a t i ng a nd cooki ng . 
The demand for l ow- s u l f ur c rude o i l s  and l ow- s u l f ur f ue l s  i s  a l s o  
increa s i ng i n  other  coun tr i e s , mak i ng i t  mor e  d i f f i c u l t  f o r  t h e  
U n i ted S t a t e s  t o  ob t a i n  na tural l y  o c c ur r i ng l ow- s u l f ur c r u d e  o i l s . 
P r i or i t i e s h ave a l r e ady b e e n  e s t ab l i sh e d  for l ow- s u l f u r  f u e l  u s ag e  
i n  ce r t a i n  reg ions  o f  t h e  nat ion . Lo c a l  s u l f ur - i n- f ue l  reg u l a­
t ions , prompted b y  p ub l i c concern , have b e e n  r e s pons ib l e  for some 
f ue l  s w i tch i ng . S i nc e  1 9 7 4  the trend t o  sw i tc h  f r om coal  to o i l  
f i r ing h a s  b e e n  r e ve r s ed . Mos t b o i le r s  capab l e  o f  f i r i ng coal  are 
d o i ng so and e s s e n t i al l y a l l  new fos s i l  f ue l  b o i l e rs for powe r 
ge ne r a t ion are c o a l  f i red , as  req u i r ed b y  the Fue l U s e  A c t . 

b .  F ue l  De s u l f u r i z a t ion 

Fuel d e s u l f u r i z a t io n  of pe t role um m id d l e  d i s t i l l a t e s  a nd 
l ig h t e r  f r ac t i o n s  wa s d ev e l oped to s a t i s fy r equ i r eme n ts f o r  im­
proved prod u c t  q u a l i ty .  The more cos tly d e s u l f ur i z a t io n  o f  h e av ie r  
d is t i l l a te s wa s d ev e l oped l a te r . De s ul f ur i z a t i o n  o f  h ig h- s ul f u r  
re s i d u a l  s tocks i s  n o w  pos s i b l e  b u t  requ i r e s  r igorous , e xp en s i v e  
proce s s i ng , l im i ted t o  c e r ta i n  l ow-me ta l - c o n te n t  r e s i d ual s . 

The l arge s t  s i ng l e  sou r ce o f  S02 , coal , i s  the mos t  d i f f i c u l t  
to d e s u l f ur i ze . Coa l  preparat ion techn ique s ( e . g . , c o a l  wash i n g ) 
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a re used w i th vary i ng r e s u l t s , d epend i ng upo n the s pe c i f i c type o f  
coal used . Mor e  l arge , c ommerc i al ly opera t i ng coal  l i que f a c t ion 
and ga s i f i c a t i o n  fac i l i t i e s  could increase  s uppl i e s  o f  l ow-s ul f ur 
f u e l  i n  the e arly 1 9 9 0 ' s . 

Stat ionary s o u rc e s  t h a t  burn pe t role um f ue l s  con t r i b u te a p­
p rox ima tely 1 6  p e r c e n t  o f  the  to tal S02 em i t te d  to the a tmos­
phere . 5 S i nce nearly 9 0  percent of the  S Ox prod uced by the s e  
petro l e um f ue l s come s f rom b u r n i ng the heav i e r  r e s i d u a l  f r ac t ion , 
i t  would s e em log i c a l  to conc e n trate e f fo r t s  o n  re s id u a l  f ue l  
d e s u l f ur i z a t ion . Di re c t  d e s ul f ur i z a t i o n  o f  h ig h- s ul f ur r e s id ua l s 
can pre s e n t l y  be accompl i shed only o n  c e r ta i n  l ow-me ta l-conten t 
res idual s ,  consequ e n t l y  l im i t ing the vol ume o f  l ow- s ul f ur ma te r i a l  
ob ta ined from t h i s  proce s s . Low-s u l f ur re s id ua l  i s  a l so obta i ned 
by topp i ng natur a l ly o c c u r r ing l ow-s u l f ur c r ud e  o i l s . Re s id ua l  
f u e l s  prod uc ed f rom th i s  type o f  ope ra t io n  con ta i n  0 . 5  p e r c en t 
s ul f ur level  o r  l e s s , d epend i ng upo n  crud e o i l  source . The v o l ume 
of ma ter i a l  ava i l ab l e  f rom the s e  l ow-s u l f ur c r ud e  o i l s  i s  l im i ted 
d ue to the ir source , pr i nc i pa l l y  No rth and We s t  Af r i ca , a nd the 
eve r- i ncrea s i ng wor ld w i d e  compe t i t ion for the s e  l ow-s u l f ur c r ud e  
o il s . 

The mo s t  common me thod of  obta in ing low- s ul f u r  f ue l s  i s  by 
blend i ng h igh-s u l f ur re s id u a l  w i th d e s u l f ur i z ed l ow-s u l f ur vacuum 
d i s t i l l a te s . Th i s  techn ique i s  used  to s uppl y  mos t o f  the l ow­
s u l f ur re s id u a l  f ue l  to the Ea s t  Coas t marke t s . De s u l f ur i za t ion o f  
t he ove rhead f rom vacuum d i s t i l l a t ion o f  r e d u c ed c r ud e  o i l  can pro­
d uce f ue l  hav i ng a s u l f ur con tent as l ow a s  0 . 3 p e r c en t ;  h owe ve r , 
the use o f  only th i s  po r t i o n , w i th no back b l e nd i ng o f  r e s id u a l , 
would g r e a t l y  red uce the l imi ted s upply o f  l ow-s u l f ur f ue l . 

In some areas l ow-s u l f ur he avy f ue l s  are p rod uced by d i r e c t  
d e su l f ur i za t ion or b y  d e l ayed cok i ng a n d  so l ve n t d e a sph a l t i ng f o l ­
lowed b y  bl end i n g  w i t h  a va c u um gas  o i l . Th e Car i bbean r e f i n e r ie s 
a re the ma j o r so u r c e  o f  low-s ul f ur fue l for the E a s t  Co a s t  marke t ,  
and We s t  Coa s t  r e f i n e r i e s  pr imar i ly s upply l oc a l  marke t s . In  r e ­
c e n t  ye ars , t he s e  re f i ne r i e s  hav e  invested heav i ly i n  d e s u l f u r i­
z a t ion proce s se s  to s a t i s f y the d emand for l owe r s u l f ur f u e l  o i l s . 

Us e o f  cata lys t s  a l l ows d i r e c t  h yd rod e s u l f ur i za t ion o f  re s id ua l  
f ue l s  to the l ow- s ul f u r  l eve l . Howe v e r , d ue to i t s h ig h  c o s t , t h i s  
proce s s  i s  s t i l l  l im i ted i n  appl i c a t ion to s e l ec t ed l owe r me tal s 
f ue l . Mo s t  o f  the heav y  f u e l  o i l  d e s u l f ur i z a t i o n  f ac i l i t i e s  we re 
con s t r uc ted be twe e n  1 9 6 8  and 1 9 7 4 .  De s u l f ur i z a t ion c apac i ty i n  
1 9 8 0  wa s 2 . 0  mi l l io n  barr e l s pe r d ay ( MMB/D ) ,  1 1 . 1 p e r c e n t o f  the 
to tal c r ud e  o i l  c apac i ty of 1 8 . 0  M M/D . 6 Capac i ty is s t i l l  ad e ­
qua te to s uppl y  the cur ren t d emand for l owe r s u l f u r  f ue l  o i l . A 
d e sc r ipt ion o f  d e s u l f ur i z a t ion proce s s e s  i s  f o und i n  the I nd u s try 
Ope r a t ions sec t io n  o f  Chapt e r  Th ree . 

De su l f ur i z a t io n  o f  r e f i ne ry f ue l  g a s  i s  requ i re d  in  mo s t  case s 
to remove s ul f ur c ompo und s .  Th e N S P S  for r e f in e r i e s  requ i r e s  r e­
d uc t ion of  H 2S i n  f ue l g a s  to 1 0  g ra i n s/1 0 0  s tand ard cub i c  f e e t .  
For the s e  reason s , burn i ng o f  re f i ne ry f ue l  g a s  con t r i b u te s  very 
l i ttl e to the ove r a l l  S02-em i s s ion impac t  o n  air qual i ty .  
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c .  F l ue Gas De s u l f u r i z a t io n  

Prog r e s s  i n  d e v e l op i ng f l u e  g a s  d e s u l f ur i z a t io n  proc e s se s  h a s  
been s l ow , d ue to t h e  magn i t ud e  and compl e x i ty o f  the  prob l em , ye t 
thi s pro c e s s  has  r e c e ived w i d espr e ad a t te n t ion , e spec i a l l y  f o r  
coa l-burn i ng powe r g e n e r a t ion f ac i l i t ie s .  A l t ho ug h  impr e s s i v e  
advan c e s  i n  r e s e a r c h  h a v e  been mad e , t he h ig h  co s t s , o pe r a t i o n al 
problems , and wa s te d i spo s a l  probl ems as soc i a te d  w i th s ta c k  g a s  
c le anup te chn i qu e s  con t i n u e  to l im i t  the appl i c a t i o n  t o  l a rg e  new 
or mod i f ied h ig h-s u l f ur coal burn i ng source s .  F u t u r e  appl i c a t ion 
of f l ue g a s  d e sul f ur i z a t io n  wi l l  d epend upo n the pe r f o rma n c e  o f  
the c urre n t  g e n e r a t i o n  o f  pro to type un i t s . For f ue l  o i l b u rn i ng 
source s ,  u s e  o f  l ow- s ul f ur f ue l s , i n  l i e u  o f  f l ue g a s  c l e a n up , 
con t i nues  to be the  mor e  e conom i c a l l y  a t tr a c t ive prac t i ce and 
sho u l d  conti nue to s a t i s f y  the d emand as coal become s an i nc r e as­
i ng l y  d ominant  f ue l  for powe r generat ion f ac i l i t i e s . 

B .  Par t i cu l a te Emi s s ions and Control Te chn i q ue s 

l .  Em i s s ions 

Th e so l id par t i cu l a te ma t te r  em i t ted to the a tmosph e r e  i n­
c l ud e s  both organ i c s  and i norgan ics  f rom f u e l  c ombu s t io n , c h ar r e d  
c e l l ul ose a n d  ash f rom inc inera t io n , o x id i ze d  g a so l i n e  ad d i t i v e s  
( ma i n l y  l e ad compo und s ) ,  m i neral  d us t  from rock c ru s h i ng a nd f rom 
asphal t i c  and Po rtl and ceme n t  b a tc h i ng pl an t s , m e ta l l ur ig i c al 
f ume s , c a ta l y s t  f i ne s , and other  mi s c e l l an e o u s  d u s t s  f r om i nd u s­
tr i a l  proc e s se s .  Some f i nely d iv ided l iqu id aeros o l s  f r om f ue l  
c ombu s t io n , a spha l t  b l ow i ng , and s u l f ur ic and phospho r i c  ac i d  
man u f a c t ur e  a l so a r e  a par t o f  total par t i c u l ate em i s s i o n s . 

Of the  9 . 5 mi l l ion me t r i c  tons o f  par t i c u l a t e s  em i t te d  in  the 
Un i ted S t a te s  d ur i n g  1 9 7 9 ,  4 . 3  m i l l ion tons we r e  emi t te d  f r om i n­
d us tr i a l  proce s s e s  o the r than c ombus t io n ,  2 . 5 mi l l ion tons we r e  
emi t ted f rom s ta t ion a ry c om bu s t io n , 1 . 4  m i l l ion t o n s  f rom t r an s ­
porta t i o n , a nd 0 . 4 m i l l ion t o n s  f rom i nc i n e r a t i o n  and o p e n  b u r n ing , 
as  shown i n  Tabl e 6 0 .  Dur i ng the per i od b e t we e n  1 9 7 0  and 1 9 7 9 ,  
e m i s s ion o f  par t i c u l ate s i n  the Un i ted S t a te s d e c re a s ed f rom 2 1  
m i l l ion me t r i c  ton s t o  9 . 5  m i l l ion me tr i c  ton s ( Ta bl e 6 3 ) .  Ma j o r  
f a c tors i n  t h i s  reduc t io n  we re the i n s ta l l a t i o n  o f  control  equ i p­
men t  on i nd u s t r i a l  proce s se s  and on coa l-f i r ed s ta t ionary c ombu s ­
t ion sourc e s . As shown i n  Ta b l e  6 5 ,  coal  f i r in g  i s  s t i l l  t h e  maj or 
source of  par t i c ul a te s  f rom s t a t ionary c ombus t io n , acco u n t i n g  fo r 
1 . 8  m i l l ion me tr i c  tons pe r ye ar . In 1 9 7 0 , c oa l  f i r i n g  em i t te d  6 . 5  
m i l l ion me tr i c  ton s . Fue l  o i l  c omb u s t ion wa s r e s pon s i b l e  fo r 0 . 3  
m i l l io n  ton s , e s s e n t i a l ly unchanged over t he pe r iod . Na t u r a l  g a s  
c omb u s t ion emi t ted l e s s  t h a n  0 . 1  m i l l ion tons . 

Two type s o f  par t i c u l a te s  are emi t ted f rom fo s s i l  f ue l  c ombu s ­
t io n  - - i no rg a n i c  par t i c u l a te s , wh i ch are the r e s i d u e  o f  the  ash  
con s t i t ue n t s  i n  t he f ue l , a nd c arbonaceous par t i c u l a te s ,  wh i c h  ar e 
the res ul t o f  i ncompl e te combu s t ion . Ga s and d i s t i l l a te f ue l s  d o  
not y i e ld s ig n i f i c a n t  amou n t s  o f  ash , s o  t h e y  d o  no t emi t  a n y  i n­
o rg an i c  par t i c u l a te s . Re s id u a l  f u e l s  conta i n  a s h - f o rm i ng mater i ­
a l s  in  quan t i t ie s  up t o  0 . 1  p e rc e n t  b y  we i gh t . Co a l  conta i n s  a s  
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TABLE 6 5  

P ar t i c u l ate E mi s s ion s  f rom F u e l  C ombu s t ion i n  S ta t i o n a r y  S ou r c e s  - - 1 9 7 0 - 1 9 7 9  
( Thou s a n d  Me tr ic Ton s  P e r  Year )  

S ource C a t e gory 1 9 7 0  1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  

C o a l  
E l e c tr ic U t i l i t i es 3 , 9 6 0  3 , 4 7 0  2 , 7 8 0  2 , 7 5 0  2 , 4 9 0  2 , 2 9 0  1 ,  7 4 0  1 , 6 0 0  1 , 5 7 0  1 , 4 0 0  
Indus tr i al 2 , 3 6 0  1 , 6 4 0  9 8 0  7 5 0  5 8 0  4 9 0  4 2 0  3 5 0  3 5 0  3 6 0  
R e s i de n t i a l/Comme r c i a l  2 1 0  2 0 0  1 6 0 1 6 0  1 6 0 1 3 0  1 1 0 1 1  0 1 1 0 1 0 0  

C o a l  Total 6 , 5 3 0  5 , 3 1 0  3 , 9 2 0  3 , 6 6 0  3 , 2 3 0  2 , 9 1 0  2 , 2 7 0  2 , 0 6 0  2 , 0 3 0  1 , 8 6 0  

F u e l  O i l  
E l ec tr ic U t i l i t i es 1 1  0 1 1  0 1 1 0  1 3 0 1 3 0 1 1  0 1 2 0 1 4 0 1 4 0 1 2 0  
I ndus t r i al 5 0  4 0  5 0  5 0  5 0  3 0  5 0  6 0  5 0  5 0  
R e s i dent i a l /C omme r c i a l  1 0 0 1 0 0 1 1 0 1 0 0 9 0  8 0  9 0  9 0  8 0  8 0  

F u e l  Oi l T o t a l  2 6 0  2 5 0  2 7 0  2 8 0  2 7 0  2 2 0  2 6 0  2 9 0  2 7 0  2 5 0  

,!:>. 
Vl N a tu r a l  Gas 
Vl E l e c tr i c  U t i l i t i es 2 0  2 0  2 0  2 0  2 0  1 0  1 0  1 0  1 0 2 0  

I ndus t r i al 4 0  4 0  4 0  4 0  4 0  3 0  3 0  3 0  3 0  3 0  
Re s i de n t i a l /C omme r c i a l  3 0  3 0  3 0  3 0  3 0  3 0  4 0  3 0  3 0  3 0  

N a tural Ga s Total 9 0  9 0  90 90 90 70 80 7 0  7 0  8 0  

lv ood 

I ndus t r i a l  3 1 0  2 9 0  2 7 0  2 5 0  2 5 0  2 0 0  1 9 0 1 9 0 1 8 0 1 7 0 
Re s i dent ial 5 0  5 0  4 0  4 0  4 0  6 0  6 0  8 0  1 0 0  1 2 0 

Wood Tota l 3 6 0  3 4 0  3 1 0  2 9 0  2 9 0  2 6 0  2 5 0  2 7 0  2 8 0  2 90 

Other Fue ls 
I n d u s tr i al 4 0  4 0  4 0  4 0  4 0  4 0  4 0  3 0  3 0  3 0  

Re s i de n t i a l  1 0  1 0  1 0  1 0 1 0  1 0  1 0  1 0  1 0 1 0 
Other Fue l s  Total 5 0  5 0  5 0  5 0  5 0  5 0  5 0  4 0  4 0  4 0  

F u e l  Combus tion Total 7 , 29 0  6 , 0 4 0  4 , 64 0  4 , 3 7 0  3 , 9 3 0 3 , 5 1 0  2 , 9 1 0  2 , 7 3 0  2 , 6 9 0  2 , 5 2 0  

SOURC E :  u . s . E n v i ro nmental P r o t e c t i o n  Age n c y ,  N a t io n a l  A i r  P o l l ut a n t  E m i s s i o n  E st imate s ,  1 9 7 0 - 1 9 79 , M a r c h  1 9 8 1 . 



much a s  1 0- 2 0 we ig h t  pe r c e n t  ash r e s i d ue . Mo s t  o f  th i s  re s id ue i s  
emi t ted a s  f in e  par t i c ul a te s . 

In general , emi s s io n  fac tors for par t i c u l a t e  a i r pol l u tan ts 
p rov id e a r e asonab l y  g ood i nd i c a t ion of the av e r ag e em i s s i o n s  from 
a large n umber o f  i n s t a l l a t ions , but are no t p re c i se i nd i c a to r s  o f  
the l eve l s  o f  em i s s i o n s  from a g iven i n s ta l l a t i on . 

2 .  Con tro l Techn ique s 

The general me thod s o f  contro l l i ng par t i c u l a te em i s s i o n s  i n­
c l ud e  improved c om bu s t io n ,  f l ue g a s  c l e an ing , f ue l  s ub s t i t u t io n , 
and f ue l  mod i f i c a t i o n . 

a .  I mp roved Comb u s t ion 

Improved com bu s t io n  i s  the mos t  e f fe c t iv e  me thod fo r red u c ing 
par t i c ul a te emi s s ions f rom l i qu id or gaseous f ue l s .  Be t te r  com­
b u s t i o n  c an be ach i eved by improved a tom i z a t i o n  of l iqu i d  f ue l s  
and b y  improv i ng t h e  m i x i ng o f  a i r and f ue l  to red uce the  po s ­
s ib i l i ty t h a t  some po r t ion o f  the f ue l  w i l l  b e  b u r n ed w i th i n ­
s u f f ic ien t oxyge n .  A n umbe r  o f  b urners have b e e n  d e v e l oped o ve r 
t he pa st few ye ars to g i ve c l e an combu s t ion wi t h  a m i n imum o f  
exc e s s  a ir t o  max imi ze e f f i c i ency . The se burn e r s  range  f rom 
smal l burners fo r d ome s t i c  he a t i ng to powe r g e n e r a t i o n  b u r n e r s . 

b .  F l u e  Gas C lean i ng 

Fl ue g a s  c l e an i ng i s  mos t  commonly u s e d  for par t i c u l a te control 
with coal f i r i ng b e c a u s e  o f  the  l arge amo un t of i no rg an i c  ash in 
coal . Ad d i t ional ly , the se te chn ique s are u s e d  i n  the f i r ing o f  
h igh ash re s i d ua l  o i l : 

• E le c tros t a t i c  pre c ip i tators are c ommo n l y  u s ed f l ue g a s  
c l ean ing d ev i c e s . They h ave very h ig h  e f f i c i e n cy , b e i ng 
capabl e o f  a c h i e v i ng ove r 9 9  pe rcen t  remova l .  The y  a l s o 
have ve ry h ig h  c o s t  and opera t i ng probl ems , howe v e r , wh ich 
l im i t  the i r  u s e  o n  sma l l  i n s t al l a t ion s . Conven t ional  l ow­
tempe ra t ur e  prec i p i ta tors tend to lose e f f i c i e ncy w i th 
l ow-s u l f ur f ue l s , b u t  h i g h-tempe rat ure prec i p i tators h ave 
been deve loped to ove rcome th i s  prob l em . 

• We t s c rubb e r s  are c apa b l e  o f  r emov i ng a s ig n i f i c an t amoun t  
o f  par t i c ul a te s  whe n  they are i n s tal l e d  fo r S 02 con t ro l . 
The col l e c t i o n  e f f i c ien cy o f  these  d ev i c e s  i s  propo r t i onal 
to the energy inpu t .  S i nce h i g h-energy d e v i c e s  are e x pe n­
s i v e  to i n s t a l l and ope r a te , there has  b e e n  a tendency to 
i n s t a l l we t col l e c to r s  of l im i ted e f f i c i e n cy . 

• A baghouse i s  pre f e rred over a scr ubbe r  for c o l l e c t io n  o f  
d us t s  a n d  f ume s .  A b ag ho u se e n s u r e s  v i r t ua l ly compl e te 
co l l e c t ion o f  almo s t  any d u s t  or f ume , whe r e a s  o n l y  t h e  be s t  
sc rubbe r s  e n s u r e  g ood col l e c t io n  e f f i c ie ncy . On the o the r 
hand , i f  m i s t s  o f  h yg ro scopic par t i c l e s  are pre s e n t  i n  the 
g a s , then  a sc rubber i s  pr e fe r ab l e  to a baghouse . 
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• A s e t t l ing chambe r  i s  a l ow-e f f i c ie ncy , l ow- c os t ,  l ow­
pre s s ur e -d rop ga s-c l e an i ng d ev ic e . Mo s t  coa l - f i r ed powe r 
gene r a t i o n  bo i l e r s  i n c l ud e  a hopper i n  wh i c h  g a s  v e loc i ty 
i s  r e l a t ive l y  l ow so that  some o f  t he par t i c l e s  s e t tl e  out . 

• Large-d i ame te r  cy clones are more e f f i c i e n t  than s e t t l i ng 
cham be r s  and have a w i d e  rang e o f  e ff i c i e n c ie s , d epend i ng 
upon the type o f  e q u i pment u se d . The y  a r e  be s t  s u i ted fo r 
par t i c l e s  i n  the 1 5- to 4 0-m i c ron r ang e ; h owe ve r , h ig h­
e f f ic i e n cy cyclone s can col l e c t  par t i c l e s  i n  th e 5 -m i c ro n  
rang e . � e  tend ency o f  the par t i c l e s  to ag g lome r a t e , 
formi ng l a rg e r s i z e s , eve n tua l ly r e s u l t s  i n  po o r  ope r a t ion 
d ue to p l ug g i ng or e x c e s s i ve ac cumu l a t ion o n  th e wal l s  of 
the equ ipme n t . 

• Mu l t iple sma l l - d i ame t e r  cyc lone s are u sed o n  me c h a n i c a l  
d r a f t  c omb u s t ion u n i ts , e i th e r  a s  prec l e a n e r s  f o r  e l e c t ro­
s t a t i c  p re c ip i tators or as f i nal c l e aners . The i r  u se i s  
l im i ted , howeve r ,  b e c au s e  o f  the h i gh pre s s u re d rop that 
they req u i re . 

c .  F u e l  S ub s t i t u t ion and Mod i f i c a t i o n  

Swi tch ing f r om c o a l  f i r i ng to o i l  f i r i ng or f rom e i the r to 
gas f i r i ng w i l l  r e d u c e  pa r t i c u l a t e  em i s s ions o n  a g i v e n  b o i l e r . 
P r io r  to 1 9 7 4 , a l a rge numb e r  of  powe r g e n e ra t ion u n i t s  made s uch 
sw i t ch es . I n  many cases  the pr ima ry reason was to red u c e  SOx 
emi s s ions , b u t  the part i c u l a te red u c t ion occurred a s  a s id e  e f fe c t . 

I n  rece n t  ye a rs , howe ve r , the trend h a s  reve rs ed . Many o f  the 
boi l e rs that are c apab le of d o i ng so have sw i t ch ed b ac k  t o  coa l , 
prima r i l y d ue to the w ide d i f fe rence i n  cos t b e tw e e n  o i l  and coal . 
Where gas i s  ava i l ab l e and i s  che ape r than re s id u a l  f u e l o i l  ( as i n  
1 9 8 1 ) , i t  i s  used pre f e rent i al ly , g i v i ng a s ig n i f i c a n t  red u c t ion i n  
pa rt i c u l a t e  em i s s ions . Howeve r , f u e l  ava i l ab i l i ty and pr i c e  a re 
far more impo r t a n t  d e term i nants of  wh ich f u e l  i s  u s ed t h a n  i s  
part i c u late con t ro l . 

S tu d i e s  on the opa c i ty o f  e m i s s ions f r om p l a n t s  b u rn i ng l iq u i d  
f ue l s  found t h a t  t h e  f ue l s  prod u ced 0 . 2 to 1 . 2 m i c ro n  s i z e  s u l f a t e  
ash pa r t i cu l a t e s . T h e  opa c i ty o f  t h e s e  p l ume s e x c e e d ed 4 0  p e r c en t , 
and ope r a t ion w i th s uppl eme n tary n a tural  g a s  wa s needed t o  reduce  
the  opac i ty to  acceptab l e l e ve l s . On l y  b y  u s i ng a prem i um l ow­
s u l fur , l ow- a s h  conte n t  l iq u id f ue l  we re the pl a n t s  ab l e  t o  prod uce 
a pl ume b e low 40  pe rcent opac i ty .  V i s ib l e em i s s ions s tand ard s a s  
s tr i ng e n t  as 2 0  p e r c e n t  opac i ty ma x imum a re now i n  e f f e c t  i n  some 
areas . To mee t  the s e  s ta ndards some ope ra tors u s e  l ow- s u l f u r  f u e l  
eve n where o t h e r  reg u l a t ions d o  not req u i re i t . 

One of  the ma j or b e ne f i t s o f  d e s u l f u r i z ed f ue l s  i s  that  they 
cont a i n  sub s tant i al ly lower amounts o f  ash  and aspha l te n e s . Mos t  
o f  the l ow- s u l f u r  c ru d e  o i l s a re low i n  b o t h  o f  t h e s e  ma t e r ia l s . 

To the e x t e n t  that  nuc l e a r  p l a n t s  o r  hydroe l e c t r i c  o r  
geoth e rma l u n i t s  can b e  u s ed t o  mee t  e le c tr i c  powe r d ema nd , they 
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cons t i tu t e  a fue l s ub s t i t u t io n  that  r ed uc e s  pa r t i c u la te em i s s i on s . 
As wi th changes amo ng fos s i l f u e l s ,  howeve r , e conom i c  a nd s upply 
c ons i d e r a t ions other than part i c u l a t e  em i s s ions d e t e rm i ne wh e th e r  
they a r e  u sed . 

C .  NOx Em i s s ions a nd Control Techn iques 

1 .  Em i s s ions 

Em i s s io n s  o f  man-mad e NOx a r e  e s s en t i al ly c au s ed by c ombus­
t ion proc e s se s .  S t a t ionary source c omb u s t ion proc e s se s  are t h e  
l arge s t  sour c e , w i th t r a n spo rta t io n  prod uc i ng the  b u l k  o f  the  
rema i nd e r  { Tabl e 6 6 ) . Be twee n 1 9 7 0  and 1 9 7 9 ,  emi s s ion of  N Ox 
i nc reased from 1 9 . 1 mi l l io n  me tr i c  tons pe r ye ar to 2 2 . 6 mi l l ion 
me t r i c  tons per ye a r . Bo th transpor t a t ion and s ta t ionary c ombu s ­
t ion so u r c e s  i n c re a sed , b u t  towa rd the end o f  the  p e r iod t h e  
veh i c l e  emi s s ions d ropped s l i g h t l y  as t h e  r e s u l t  o f  c o n t ro l  
d ev i c e s . 

W i t h i n  the s t a t i onary source combu s t io n  c a tegory , c oa l - f i red 
u t i l i ty bo i l e r s  are the  l arge s t  source fol l owed by g a s - f i red 
i nd u s t r i a l  use s ( s ee Ta bl e 6 7 ) . Fue l  o i l  f i r i ng a c c o u n t s  for a 
s ign i f i c a n t  por t ion o f  the to ta l N Ox emi s s ion s a l tho ugh i t s  
c on t r i b u t ion i s  d e c re a s i ng a s  the u s e  o f  f u e l  o i l  d e c re a se s . 

Pe trol e um prod u c t s  make a contr ibu t io n  to to ta l U . S .  NOx 
emi s s ion in t wo ma j o r  ways : transpo r t a t ion f ue l  and i nd u s t r i a l  
f ue l  com bu s t io n . Tr anspo r t a t i on f u e l  use em i t s f a r  more NOx than 
do i nd us tr i a l  pro c e s s e s .  

In c omb u s t ion proce s se s ,  NOx i s  genera ted by t wo mechan i sms : 
( l )  d ir e c t  f i x a t io n  o f  n i trog en i n  the combu st ion a i r  and ( 2 )  o x i­
d a t ion o f  f ue l  n i t roge n . Mechan i sm 1 prod uce s mor e  N Ox a s  c ombu s ­
t ion tempe ra t u r e  i n c re a se s and , the r e fo re , i ts prod u c t  i s  us u a l l y  
c a l l ed t h e rma l N Ox • Me chan i sm 2 i s  r e l a t i ve l y  i nd ep e nd e n t  o f  
tempe r a t ur e . It s prod u c t  i s  us ua l ly r e fe r red to a s  f u e l  NOx · 
The percen t ag e  o f  f ue l  n i t rog en that  i s  em i t ted a s  f ue l  N Ox i s  a 
f un c t io n  of the n i trog e n  content o f  the fue l and o f  the  oxyg en c on­
centrat ion in the f l ame . In the c ombus t io n  o f  f ue l s  w i th s ig n i f i ­
c a n t  n i trog e n  conc e n tr a t io n s  ( i . e . ,  h e avy f ue l  o i l  a n d  coal ) ,  b o t h  
me chan i sms make a s ig n i f i c an t con t r i bu t ion t o  the  to ta l . I n  l arg e 
b o i l e r s  wi tho u t  NOx c ontro l s , t he l ev e l  o f  NOx i n  the f l ue g a s  
c a n  range f rom 1 0 0 t o  1 , 0 0 0  parts pe r m i l l io n  { ppm ) , w i th typ i c a l  
l ev e l s  be ing abou t 2 0 0 ppm f o r  g a s  f ir ing , 4 0 0  ppm f o r  o i l  f i r ing , 
and 6 0 0 ppm for coal  f i r i n g . Sma l l er un i t s  h av e  c on s id e r a b l y  l owe r  
l ev e l s  i n  the fl ue g a s  b e c ause they ope r a te wi th a l owe r temp e r a­
t ure in  the f i rebo x . 

2 .  Con tro l Techn iques  

There are  two g en e r a l  c a tegor i e s  o f  con t ro l  t e c hn i q ue s fo r 
NOx f rom s ta t i onary c ombu s t ion sources -- combus t io n  mod i f i c a t io n  
and f l ue g a s  r emoval s y s t ems . The c ombus t io n  mod i f i c a t ion tec h ­
n ique s wo rk b y  reduc ing t h e  pe ak tempe r a t ure i n  the c ombu s t io n  z o n e  
and/or l imi t i ng o x y g e n  ava i l ab i l i t y  d ur i ng the i n i t i a l  s tage s  o f  
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TABLE 6 6  

N a t i onal E s t imate s o f  N itro�en O x i d e  Emi s s ions - - 1 9 7 0 - 1 9 7 9  

( M i l l io n  Me tr i c  T o n s  P e r  Year ) 

Source Category 1 9 7 0  1 9 7 1 1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9 

T r ansportation 
H i ghway Veh i c l e s  5 . 2  5 . 7  6 . 3  6 . 6  6 . 4  6 . 4  6 . 7  6 . 8  6 . 9  6 . 7  

A i r c raft 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 

Rai l roads 0 . 6  0 . 6  0 . 7  0 . 7  0 . 7  0 . 7  0 . 7  0 . 7  0 . 7  0 . 7  

Ve s se l s  0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 . 2 0 . 2  

Other O f f- H i ghway Veh ic l e s  1 . 2 1 . 2  1 . 2 1 . 2 1 . 3 1 . 3 1 .  4 1 . 4 1 . 5 1 . 5 -- -- -- --

T r ansportation Total 7 . 2  7 . 7 8 . 4  8 . 7  8 . 6  8 . 6  9 . 0  9 .  1 9 . 4  9 . 2 

S t a t io n ary Source F u e l  Combus t io n  
E l e c tr ic U t i l i t i es 5 .  1 5 . 3  5 . 7  6 . 2  6 .  1 6 .  1 6 . 6  7 .  1 7 .  1 7 . 5  

I n du s tr i al 4 . 4  4 . 3 4 . 4  4 . 4 4 . 2 3 . 9  4 . 2  4 . 2 4 . 2 4 .  1 

Comme rc i a l / I n s t i tutional 0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 4  0 . 5  0 . 5  0 . 5  0 . 4  
*"" Re s i dent ial 0 . 4 0 . 4 0 . 4  0 . 4 0 . 3  0 . 3  0 . 4  0 . 4  0 . 4  0 . 3  lJl --

1.0 Fuel Comb u s t ion Total 1 0 . 4  1 0 . 5  1 1 • 0 1 1 . 5 1 1 • 1 1 0 . 7  1 1  • 7 1 2 . 2  1 2 . 2  1 2 . 3  

I ndu s tr i a l  Pro c e s ses 0 . 8  0 . 8  0 . 8  0 . 8  0 . 8  0 . 7  0 . 8  0 . 8  0 . 8  0 . 8  

S o l id wa s te D i s po s a l  
I n c i n e ration 0 .  1 0 .  1 0 .  1 o . o o . o  o . o  o . o  o . o  o . o  o . o  
Open B urning 0 . 3  0 . 2  0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 -- -- -- -- --

S o l i d  Wa ste Total 0 . 4  0 . 3  0 . 2  0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 0 .  1 

M i s c e l l a neous 
Forest Fires 0 . 2  0 . 2  0 . 2  0 .  1 0 . 2  0 .  1 0 . 2  0 . 2  0 . 2  0 . 2 

Other Burning 0 .  1 0 .  1 0 .  1 o . o o . o  o . o  o . o  o . o  o . o  o . o  
Mi s c e l laneous O r gan ic So lve nt o . o o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  o . o  --

M i s c e l laneous Total 0 . 3  0 . 3  0 . 3  0 .  1 0 . 2  0 .  1 0 . 2  0 . 2  0 . 2  0 . 2  

Total 1 9 .  1 1 9 . 6  2 0 . 7 2 1 . 2  2 0 . 8  2 0 . 2 2 1 . 8  2 2 . 4  2 2 . 7  2 2 . 6 

SOURCE : u . s . Environme n t a l  Prote c t io n  Agency , N ational A i r  P o l l utant Emi s s i o n  E s t imate s , 1 9 7 0 - 1 9 79 , 

March 1 9 8 1 . 



TABLE 6 7  

N i tro�e n O x i de Emiss ions f rom Fuel Combustion i n  S ta t i onary S ou r c e s  - - 1 9 7 0 - 1 9 7 9  

( Thousand Me t r i c  To ns P e r  Year ) 

S ource C a te�or:t 1 9 7 0  1 9 7 1 1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  

C o a l  
E l e c tr i c  U t i lities 3 , 38 0  3 , 4 6 0  3 , 6 90 4 , 0 9 0  4 , 1 3 0 4 , 2 7 0  4 , 7 1 0  5 , 03 0  5 , 0 7 0  5 , 5 6 0  

I ndus tr i al 6 8 0  5 5 0  5 3 0  4 7 0  4 4 0  4 7 0  4 3 0  4 1 0  4 2 0  4 6 0  

R e s i de n t i a l/Comme r c i a l  40 4 0  4 0  4 0  5 0  4 0  4 0  4 0  5 0  5 0  

C o a l  Total 4 ,  1 D O  4 , 0 5 0  4 , 26 0  4 , 6 0 0  4 , 6 2 0  4 , 7 8 0  5 ,  1 8 0 5 , 48 0  5 , 5 4 0  6 , 0 7 0  

F u e l  O i l  
E l ec tr i c  U t i l it i es 6 5 0  7 80 9 5 0  1 , 1 1  0 1 , 0 5 0  9 8 0  1 ,  0 5 0  1 , 2 2 0  1 , 1 5 0 9 8 0  

I ndustrial 1 6 0 1 6 0 1 7 0  1 9 0  1 80 1 4 0  2 0 0  2 3 0  2 2 0  2 1 0 

R e s i dent i a l/Comme r c i al 4 4 0  4 4 0  4 5 0  4 5 0  4 1 0  3 8 0  4 3 0  4 2 0  4 1 0  3 8 0  

Fuel O i l  Total 1 , 2 5 0  1 , 38 0  1 , 5 7 0  1 ,  7 5 0  1 , 6 4 0  1 ,  5 0 0  1 ,  6 8 0  1 , 8 7 0  1 ,  7 8 0  1 ,  5 7 0  .1::> 
0'\ 
0 N a tural Ga s 

E l e c t r i c  U t i l i t i es 1 , 0 7 0  1 ,  0 9 0  1 , 0 9 0  9 90 940 860 840 870 8 7 0  9 6 0  

I ndustrial 3 , 29 0  3 , 38 0  3 , 4 4 0  3 , 5 1 0  3 , 3 6 0  3 , 0 4 0  3 , 27 0  3 , 2 7 0  3 , 2 5 0  3 ,  1 8 0 

Res i dent i a l/Comme r c i al 3 1 0  3 2 0  3 3 0  3 2 0  3 1 0  3 2 0  3 3 0  3 1 0  3 2 0  3 3 0  

N a tu r al Gas To tal 4 , 6 7 0  4 , 790 4 , 8 6 0  4 , 82 0  4 , 6 1 0 4 , 2 2 0 4 , 4 4 0  4 , 4 5 0  4 , 4 4 0  4 , 4 7 0  

W ood 
I ndustrial 1 80 1 7 0 1 7 0 1 6 0  1 7 0  1 9 0 2 0 0  1 90 2 0 0  2 1 0  

Re s i de nt i al 0 0 0 0 0 0 0 0 0 0 

Wood Total 1 80 1 7 0 1 7 0  1 6 0  1 7 0  1 90 2 0 0  1 9 0 2 0 0  2 1 0  

Other Fue l s  
I ndustrial 60 50 6 0  5 0  6 0  6 0  7 0  7 0  6 0  7 0  

Re s i de n t i al 5 0  5 0  5 0  5 0  4 0  4 0  4 0  4 0  4 0  3 0  

Other Fue l s  Total 1 1 0 1 0 0  1 1 0 1 0 0  1 0 0 1 0 0 1 1 0 1 1 0 1 0 0 1 0 0 

F u e l  Combus t io n  Total 1 0 , 3 1 0  1 0 , 49 0  1 0 , 9 7 0  1 1 , 4 3 0  1 1 , 1 4 0 1 0 , 7 90 1 1 , 6 1 0  1 2 , 1 0 0 1 2 , 0 6 0  1 2 , 4 2 0  

SOURCE : u . s . Env ir o nmen t a l  Prot e c t io n  A ge nc y , N ational A i r  P o l lutant Emiss ion E s timat e s , 1 9 7 0 - 1 9 7 9 , March 1 9 8 1 . 



c ombu s t ion . The f l ue g a s  remov al techn ique s i n j e c t  ammo n i a , wh i c h  
i s  a spec i f i c red uc i ng ag e n t  f o r  NOx · 

a .  Comb u s t ion Mod i f i c a t ion 

• Low e x c e s s  a i r  ope r a t ion is the s impl e s t  type of c om bu s t ion 
mod i f i c a t io n , where it c an be appl ied . I t  h a s  an add ed 
advan tag e i n  t h a t  reduc ing ex c e s s  a ir impro v e s  bo i l er e f f i­
c i e ncy . General ly , i t  requ ire s i n s t a l l a t io n  o f  add i t iona l 
i n s trume n t a t io n  and improved com bu s t i o n  c o n t ro l s  to pe rm i t  
ope r a t ion a t  a m i n imum e x c e s s  a i r  l e ve l w i tho u t  c a u s ing 
smoke or C O  em i s s io n s . It  can prov i d e  up t o  2 0  t o  3 0  per­
cent  N Ox red uc t io n . 

• S taged combu s t ion may be used i n  v a r i o u s  f orms . Ba s i c a l ly , 
the i n i t i a l  stag e  o f  combu s t ion i s  c a r r i e d  ou t w i th l e s s  
than s to i c h iome tr i c  a i r  w i th add i t ional a i r  be i ng ad d e d  
l a te r  t o  compl e te combu s t ion . In the f i r s t  s tag e , f ue l  
n i t roge n  i s  conver ted t o  n i t rog en i n s t e ad o f  N Ox · Pe ak 
f l ame tempe r a t u r e  is al so lower than i n  conv e n t i onal  burn­
e r s . Var i o u s  me thod s are used for i n j e c t i ng the  s e cond 
s tag e a i r . In mu l t i pl e burner bo i l e r s  s ome b u r n e r s  may b e  
opera ted r i ch and o th e r s  lean s o  t h a t  t h e  overa l l  m i x ture i s  
a t  the d e s i red e x c e s s  a i r leve l . Or some b u r n e r s  may b e  
ope rated w i t h  a i r  on ly . The exce s s  a i r m i xe s  w i th the  r ic h  
f l ames d own s t r e am a f te r  i n i t i al pha s e s  o f  the  c ombu s t ion 
are comple ted . A vers ion tha t requ i r e s  con s i d e r a b l e  bo i l e r  
mod i f i ca t i on ope r a te s a l l  burners f ue l  r i c h  and the n ad d s  
second a ry a i r t h ro ugh spec i a l  por t s  above t h e  f l ame zone . 
Stag ed combu s t io n  can g i ve up to 5 0  p e r ce n t  NOx red uc t io n . 

• F l u e  g a s  re cyc l e  i s  used to red u c e  pe a k  f l am e  tempe r a t ure 
and th u s  min imi z e  t h e rma l NOx · Coo l e d  f l ue gas i s  m i xed 
wi th combu s t io n  a ir . Th i s  t e c hn ique requ i re s  c on s id erable  
mod i f i c a t io n  o f  e x i s t i ng bo i l er s , i nc l ud i ng d uc t  wor k  b urne r 
mod i f i c a t ions and inc reased fan capac i ty . It  i s  no t e f fe c ­
t ive f o r  red uc i ng f ue l  N Ox , s o  i t  may g ive o n l y  5 t o  1 0  
pe rcent  NOx r ed u c t io n  wi th coal o r  o i l f i r ing . 

• S t e am or wa t e r  i n j e c t i on c an be used to cool the f l ame i n  
t h e  s ame way a s  f l ue g a s  recyc l ing . Howe ve r , t h e  l o s s  o f  
the l a te n t  h e a t  o f  t he wa ter red uce s  bo i l e r  e f f i c i e nc y , so 
t h i s  techn ique is not us ual ly used i n  a bo i le r . In g a s  
t ur b i ne s , wh e r e  t h e  e f f e c t  i s  l e s s  pro nou n c ed , wate r i n ­
j e c t ion i s  more c ommon . 

• Low NOx burners h ave come on the  marke t i n  the  pa s t  f e w  
ye ar s . Th ey a r e  cons truc ted to g i ve l im i ted m i x ing o f  a i r 
and f ue l  in  the f i r s t  par t o f  the f l ame , wi th add i t ional a i r  
be ing induc ted i n to the f l ame a s  combu s t i o n  prog re s se s ,  
wh i c h  g ive s the e f fe c t  o f  two-stag e  c ombu s t io n . The se bur n­
e r s  are repo r te d  to g ive up to 3 0  t o  4 0  p e r c e n t  NOx re­
d uc t ion , but the  l e v e l  of red u c t ion var i e s  w i d e ly w i t h  t h e  
appl i c a t io n . 
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b .  F l u e  Gas  Removal Proce s s e s  

• T h e rmal DeNOx i s  a proce s s  i n  wh i ch ammo n i a  i s  i nj e ct ed 
i n to the  f l ue g a s  w i t h i n  the b o i l e r  a t  a po i n t  wh e r e  the 
tempe ra t ur e  reach e s  ab ou t l , 8 0 0° F . The ammo n i a  r e ac t s  
s e le ct i v e l y  w i th the NOx , red u c i ng i t  to n i trogen a nd 
wa t e r . Th i s  proce s s  req u i re s  c ons i d e rab l y mor e  i nve s tme n t  
t h a n  mos t  c omb u s t i o n  mod i f i ca t ion t e c h n i q u e s  and t h e  i n­
j e c t ion tempe rature  i s  c r i t i c a l . I f  the ammo n i a  i s  i n j e c t ed 
at too l ow a t empe ra ture i t  may pa s s  t hroug h unconve rted ; a t  
too h ig h  a t empe rature i t  i n c re a s e s  NOx • T h e  t h e rm a l  
DeNOx pro c e s s  g i ves  5 0  to 7 0  per c e n t r ed u c t i on i n  N Ox 
and may b e  u s ed i n  con j unct ion w i th comb u s t io n  mod i f i c a t ion 
te chn iques to g i ve an even h igher ove r a l l  red u c t ion . 

• S e le c t ive c a t a l y t i c  red u c t ion i s  a s im i l ar proce s s  i n  that  
ammo n i a  is  u s e d  to  red u c e  the  NOx · Howe v e r , the  ammo n i a  
i s  i n j e c ted a t  a l owe r t empe r a t u r e  ( 6 0 0 - 8 0 0 ° F )  and a c a t a­
lys t i s  u s e d  to c a r ry o u t  the r e ac t ion . Th i s  t empe r a t u r e  
range  corre s pond s t o  t h e  economi z e r  o u t l e t o n  mo s t  bo i l e r s . 
Be c a u s e  o f  t he d uc t i ng and c a ta l ys t  co s t  t h i s  pro c e s s  r e ­
q u i r e s  even more i nve s tment t h a n  t h e rmal DeN Ox · Howeve r ,  
i t  can g ive a s  much as 9 0  p e r c e n t  NOx r ed u c t io n . The 
proc e s s  h a s  b e e n  thoro ughly d emons tra ted f o r  g a s - f i r e d  
u t i l i ty b o i l e r s , b u t  as o f  th i s  t ime i t  i s  j u s t  b e i n g  t e s te d  
for u s e  w i th c o a l  and o i l combu s t io n . Ca t a l y s t  forms tha t 
wi l l  no t pl ug d u e  to the par t i c u l a te l oad i n  the  f l ue g a s  
a r e  be i ng d ev e l oped . The i nve s tmen t  c o s t  f o r  c a t a ly t i c  
red u c t ion i s  g en e r a l l y  cons i d e red too h i g h  t o  b e  pr ac t i c a l  
f o r  mos t  i n d u s tr i a l  bo i l e r s .  

c .  S ta t ionary E ng i ne s  

I n  genera l , the  N Ox emi s s ion con t rol t e c hn i q u e s  u s ed on 
s ta t ionary e ng i n e s  are s im i l ar to the ones used on a utomob i l e s . 
Th i s  i n c l ud e s  s pa rk re tard , e xhaus t g a s  r e cycl e , a nd c a ta l y s t s . 
The pr ima ry NOx control te chn i que for s ta t i onary g as t ur b i n e s  i s  
wa ter i n j e c t ion . 

D .  CO Em i s s ions and Control Techn i qu e s  

1 .  Em i s s ions  

Mo s t  a tmosph e r i c  C O  is  p rod uced by the  i ncomp l e te c omb u s t ion o f  
f ue l s  used fo r transpo r t a t ion , powe r genera t i o n , i nd u s tr i a l  pro c e s­
s i ng , and space he a t i ng ( Tabl e 6 1 ) . 

The conc e n tr a t ion o f  C O  i n  urban areas var i e s  w i d e ly w i th t ime 
a nd l o c a t i o n . Typ i c a l  va l ue s  rang i ng f rom 1 0  t o  1 5  p pm have b e e n  
r e ported i n  s evera l  me tropo l i tan areas . 7 C O  h a s  long b e e n  co n ­
s id e red a tox i c po l l u tan t , a nd for some t ime i t  wa s a s s umed tha t  
the on l y  source o f  C O  wa s f ue l  c ombu s t io n . Rec e n t  s t ud ie s , how­
e ve r ,  h ave ind i c a te d  some impo r tant na tur a l  sour c e s  o f  C O .  
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Na t ional ly , t he qua n t i ty o f  CO em i s s ions  f rom o i l - and g a s ­
f i red s t a t ionary c ombu s t ion sources i s  i n s i g n i f i c a n t  compared t o  
the 9 1 . 4  m i l l ion me tr i c  tons em i tted f rom a l l  source s . Ev en 
coa l-f i red sourc e s  are e s t ima ted a t  less than 1 p e rc e n t  of the 
total U . S .  CO em i s s i o n s . 

CO i s  formed wh e n  carbonaceous f ue l s  are burned w i th i n s u f f i ­
c i e n t  oxyge n . Low cool i ng r a t e s  and l e an f ue l /a i r  m i x t ur e s  w i l l  
l owe r CO em i s s i on s . Em i s s io n  fac tors are used f o r  e s t ima t i ng C O  
emi ss ions from var ious  k i n d s  o f  s ta t ionary c omb u s t ion source s . 8 

Whe n  coa l - ,  o i l - ,  o r  ga s-f ired s ta t iona ry c omb u s t ion equ i pment 
is ope rated w i th i n s uf f i c i e n t  a i r supply , CO em i s s io n  r a t e s can be 
con s id erably g r e a t e r  than emi s s ions f rom wel l -ad j u s te d  un i t s . 
Under these cond i t io n s , o i l - f i r ed and coal - f i r ed un i t s em i t  d e n s e  
smoke , wh i l e  mal ad j u s ted ga s-f i red equ i pmen t  s e l d om e m i t s  v i s i b l e  
smoke . 

2 .  Control Te chn ique s 9 

Fo r m i n imum C O  em i s s ions , t he combu s t ion equ i pm e n t  sho u l d  be 
d e s igned for rapid  r e a c t io n  r a t e s  and long re t e n t ion t ime s . 
Va r ious techn i que s f o r  CO c o n trol are d i sc u s s ed be l ow : 

( 1 )  Fue l  s ub s t i tut ion o r  swi tch i ng does n o t  seem j us t i f i e d , 
s i nc e  C O  emi s s ions f rom bo i l e r s  and f urnace s a r e  o n l y  a 
frac t i o n  o f  the  to tal , d e s p i te the f ue l  burned . 

( 2 )  Pl an t re l oc a t i o n  i s  rarely j us t i f i e d , f o r  the same r e ason 
a s  in  ( l )  above . 

( 3 )  Ga s c l e an i ng techn iques are ava i l ab l e  t h a t  promo te co n­
ve r s ion of C O  to C 02 or ab sorb CO in am i n e s  a nd spe c i a l  
c oppe r l iq u i d s o r  b y  use  o f  c a ta ly s t s . Howe ve r ,  tho s e  
comme rc i a l  proce s s e s  have n o t  b e e n  appl i e d  t o  c l e a n i ng C O  
f rom s ta t ionary c ombus t ion s o u r c e  g a se s . 

( 4 )  Good ope ra t i ng prac t i c e s  are the mo s t  s e n s i b l e  con trol 
tech n i que . 

• A we l l-ad j us ted g a s - f ir ed bo i l e r  may em i t  l e s s  than 1 
ppm o f  C O  b u t  t he s ame bo i l e r  may emi t more t h a n  5 0 , 0 0 0  
ppm ( 5  p e r c e n t ) i f  i n s uf f i c ie n t  c ombu s t ion a ir i s  s up­
pl ied . In s u f f i c i e n t  a ir a l ways c a u se s C O  forma t io n  a n d  
too m u c h  a i r  may d o  the same . A p r o p e r  f ue l/a i r  r a t io 
ad j us tme n t  i s  o f  maj or importance for red uc ing C O  
em i s s ions  from s t a t i onary combu s t io n  source s . Flue  
g a s e s  f rom the  b e s t-d e s igned c omb u s t ion un i t  may co n­
ta i n  s ub s tan t i al conc entra t ions of CO i f  i n s u f f i c i e n t  
a i r i s  prov i d ed for combu s t io n . C O  emi s s ions  a l so 
i n c rease  whe n  e x ce s s ive a i r  i s  adm i t ted to cool com­
b u s t ion t empe ra t ur e s  b elow the opt imum for max imum 
ox i d a t ion ' o f  f ue l  and CO . As a r u l e  of th umb , c o a l ­
and o i l - f i red un i t s  may b e  ad j u s ted fo r 1 0 - t o  
1 2-percent  C02 on a d ry b a s i s ,  a nd n a t u r a l - g a s- f i red 
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un i t s  may b e  ad j u s t e d  for 8 - to 1 0 -pe rce n t  C02 on a 
dry b a s i s . S i nce many un i t s  a r e  d e s i g n ed to pe rform 
b e s t  a t  v a l u e s  outs ide  these rang e s , the  c omb u s t i on 
equ i pme n t  manu facturer or othe r c omb u s t i o n  e x pe r t s  
should  b e  c o n s u l ted on prope r f u e l /a i r  ra t i o ad j u s t­
me n t s  for i nd i v i d u a l  comb u s t ion un i t s . 

• F i r i ng i n  e x c e s s  o f  the de s ign r a t e  i s  pe rhaps the 
g re a t e s t cause of CO em i s s ions f rom s t a t i onary com­
b u s t ion sou r ce s . 

• Short res ide nce t ime s tend to i nc re a s e  CO i n  the  f l ue 
g a s  d u e  to l e s s  t i me for c omp l e te c omb u s t i on . Proper 
res ide nce t ime a l so al l ows the use of l e s s  e x c e s s  a i r .  

• H ig h  tempe rature i s  de s i rab le up to ab o u t  2 , 8 0 0 ° F ,  
whe r e  d i s so c i a t ion o f  C02 i n to CO b e c ome s n o t i ceab l e . 
Rap i d  c oo l i ng and low oxyge n conce n t r a t i o n  t e nd to 
h i nd e r  the re comb i nat ion o f  C02 and thus i n c re a s e  CO 
em i s s i ons . 

• The d e g r e e  o f  a tom i zat ion i s  o f  p r ime impo r t ance i n  the 
prope r f un ct i on i ng of an o i l  b u rne r . 

Prope r ma i n te nance b y  al l concerned par t i e s  w i l l  b e  the b e s t  
me thod o f  CO control  f r om t he s e  comb u s t ion sou r ce s . I n  ad d i t io n , 
two type s of  a u toma t i c  comb u s t i on- control equ i pme n t  a r e  d e s igned to 
m i n imi z e  CO e m i s s ions by au toma t ic a l ly ad j u s t i ng f ue l  s u pp l y  unde r 
vary i ng l oad d ema nd , and corre c t i ng and contro l l i ng t h e  proper 
f ue l /a i r  r a t io . 

E .  Hyd rocarbon a nd Org an i c  Emi s s ions and Con t r o l  Te c h n i q u e s  

1 .  Emi s s i on s  

The pr i nc i pa l  ma n-mad e sources o f  hyd roca rb on a n d  o rg a n ic 
emi s s ions i n  t h e  Un i t ed S tates  a re pe t rol eum i nd u s t ry ope ra t i ons 
and prod uct u se . Hyd rocarbon emi s s ions from s ta t i onary source fuel 
comb u s t ion a r e  m i nor in  compa r i son to the tota l f rom t r a n s port a t i on 
a nd oth e r  sources ( s e e  Tab le 6 2 ) . A s ig n i f i c a n t  sou r c e  o f  em i s­
s ions i s  t h e  u s e  o f  o rgan i c  solvents d e r ived f rom pe t ro l e um , re­
pre sen t i ng some 6 p e r c e n t  o f  the total em i s s ions and e ig h t  t imes 
the amount f rom s ta t ionary f u e l -b urn i ng source s . 

2 .  Con tro l Te chniques  

S im i la r  to  the  con t ro l  for CO in  fuel  c omb u s t i on s ou r ce s , a 
we l l-ma i n t a i ned a nd w e l l-ope rated un i t  w i l l  preve n t  s ig n i f i c a n t  
r e l e a s e s  o f  hyd rocarbons . Ma i n te nance o f  the  b u rne r sys t em , f o r  
e xamp l e , i s  impo r t a n t  to e ns ure prop e r  a tom i z a t i o n  a n d  s ub s eq u e n t  
m i n im i z a t ion o f  a n y  unb u rned comb u s t ib l e s _. l O  Hyd rocarbon em i s ­
s ions a r e  d i re c t l y  r e l a ted to the three common comb u s t i on pa ra­
me t e rs of t ime , tempe ra ture , a nd t u rb u lence . Thu s , ad equate 
c om bu s t ion t ime , h ig h  tempe r a t ur e ,  and a h i g h  d eg re e  of  f ue l/a i r  
t urbulence w i l l  red uce h yd rocarbon emi s s ion s , i nc r e a s e  c omb u s t io n  
e f f i c i e ncy , a nd red u c e  f ue l  consump t io n . 
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3 .  Organ i c  Solvents  

Organ i c  so l v e n t s  are d e r ived ma inly f rom p e t ro l e um s ou r c e s and 
are u s ed in a var i e t y  o f  i nd u s tr ie s ,  s uch as pr i n t i ng , c h e m i ca l , 
d rug , a nd pharmace u t i c al . Rubber and pl a s t i c  man u f a c tur i ng a l so 
i nvolve the u s e  o f  organi c-solven t-ba s ed a d he s ive s . Coa t i n g s  s uc h  
a s  pa i n t , varn i sh , a nd l a cque r are compo sed o f  a l ar g e  p e r c e n tag e 
o f  organ ic solven t s , wh i c h  e vaporate d ur i ng a nd a f te r  appl i c a t io n . 
Deg re a s i ng and d ryc l e an i ng ope r a t ions em i t  vapo r s  f r om the u s e  o f  
organ ic solven t s . ( The impac t o f  solven t s  i n  a s pha l t road s u r­
f ac i ng ma te r ial w i l l  be d e sc r ibed l a t e r . )  C o n t ro l  techn i qu e s  
commerc i al ly ava i l ab l e  may be d iv id ed i n to f ive g en e r a l  c l a s s i f i­
cat ions : i n c i n e r a t i on , ad sorp t ion , a b sorpt i o n , c o nd e ns a t i o n , a nd 
the u s e  o f  s ub s t i t u t e  ( nonphotochem i c a l ly r e a c t i v e ) ma t e r i a l s . 

State  Impl eme n ta t io n  Pl ans i n  mo s t  s ta te s , a s  requ i re d  u nd er 
the Cl ean Air Ac t ,  c al l  fo r a t  l ea s t  8 0  p e r c e n t  red uc t i o n  in 
vo l a t i l e  organ i c  compound ( VOC ) emi s s ions f rom the  use of o r g an ic 
solven t s . Th i s  r eq u i r eme n t  no rma l ly appl ie s to o zo n e  nona t t a i nm e n t  
area s . Howeve r ,  some s t a te s  have appl ied the  con trol s tra tegy 
s ta tewid e .  

I I .  Mob i l e  Sour c e s 

A .  Au tomo t ive Mob i l e  Source Trend s -- Emi s s i on s  and Control  
Te c h n i q u e s  

About h a l f  o f  the  pe t ro l e um prod u c t s  cons umed are u s ed a s  
t ranspo r ta t ion f ue l s , a nd abou t h a l f  o f  that  amoun t f o r  au tomo­
b i le s . Othe r  mode s  o f  transpor t a t ion cons ume pe t ro l e um f ue l s  i n  
much l e s s e r  propo rt i on s ; i . e . ,  trucks ( 2 6  p e r c en t ) , a ir c ra f t  
( 8  percen t ) , mar ine ve s se l s ( 7  percen t ) , ra i l road s ( 3  pe r c en t ) , 
p ipe l ines and other transpo rtat ion use s  ( 3  p e r c en t ) ,  and bu s e s 
( l  percen t ) . 

Each prod uc t impa c t s  the e nv i ro nmen t  acco rd i ng to i t s  phy s i c a l  
prope r t i e s , combu s t io n  character i s t i c s , and v o l ume o f  u s e . Fo r 
exampl e , C O  and h yd rocarbon emi s s ions come mo s t ly f rom g a so l i n e ­
f ue l ed au tomob i l e s , wh i l e  par t i c u l a te , NOx , a nd S Ox emi s s i o n s  
come mo s t l y  from d i e s e l  c ombu s t io n . A i rcra f t , mar i n e , r a i l road , 
and bu s em i s s ions vary , b u t  have l i t t l e  e nv i ro nme n t a l  impac t be­
cause o f  the i r  propo r t iona t e l y  l ow prod uc t vol ume u s e . Le ad emi s ­
s ions , o nc e  a n  impo r tant e nv i ronme n ta l  conc e r n , a r e  no l ong e r  a 
maj or i s s ue a s  a re s ul t  o f  the  l e ad pha s ed own reg u l a t ion s and th e 
inc reased d emand f o r  u n l ead ed g a so l ine . 

S i n c e  1 9 7 1 ,  several  even ts have o c c u r red tha t a r e  ke y both to 
the impac t o f  tran s por t a t ion f ue l  u s e  o n  the  e n v i ronme n t  a nd to 
t he e f f e c t s  of  env i ro nme n ta l  reg u l a t i o ns o n  the c ompo s i t io n  o f  
prod uc t s . On ly one o f  the s e  event s , the  marke t d e v e lopmen t  fo r 
u n l e ad ed g a so l i n e , wh i c h  re sul ted from the w i d e s p r e ad adopt io n  o f  
catalyt i c  e xhau s t  emi s s ion con t ro l s , h ad b e e n  pred i c te d . Al l othe r 
eve n t s  have occur red a s  a conseque nce o f  new a r e a s  o f  n a t ional  con­
cern wh i ch h ave d eveloped s i nc e 1 9 7 1 .  
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Af ter t h e  o i l  embargo o f  1 9 7 3 - 1 9 7 4  and the s ub s e q u e n t  s h a rp 
r i se i n  o i l  pr ice s ,  t h e  d ome st i c  pa ssenger veh i c l e  popul a t ion b e g an 
a f und ame n t a l  sh i f t  f rom he avy , trad i t ional  p a s s e n g e r  u n i t s  to 
l ig h t e r , more f u e l  e f f i c ie n t  passeng e r  cars a nd l ig h t  trucks . The 
impac t o f  th i s  c hange i s  re f l e c ted i n  l e g i s la t io n  t h a t  e s t a b l i shed 
a sche d u l e  o f  m i n imum val u e s  for the averag e  f ue l  e conomy of  new 
ve h i c le s , a s  shown i n  Tabl e 6 8 .  

TABLE 6 8  

C orporate Average Fuel Economy Standards -- 1 9 7 8- 1 9 8 5 *  

Mode l Year 

1 9 78 

1 9 7 9  

1 9 80 

1 9 8 1  

1 9 82 

1 9 83 

1 9 84 

1 9 8 5  

Pas se nger 

Cars ( MPG ) 

1 8  

1 9  

2 0  

2 2  

2 4  

2 6  

2 7  

2 7 . 5  

4x2 

( MPG ) 

None 

1 7 . 5  

1 6 . 0  

1 6 . 7 

1 8 . 0  

1 9 . 5  

2 0 . 3  

2 1 . 6  

L i9:ht Duty T rucks 

4x4 Combined 

( MPG ) ( MPG ) 

None 

1 5 . 8  

1 4 . 0  

1 5 . 0 

1 6 . 0  

1 7 . 5 1 9 . 0 

1 8 . 5  2 o .  0 

1 9 . 0 2 1 . 0  

*Abstr acted from Pocket Reference , Techn ical Servic e s , Envi ronmental 

Act ivities Staf f , GM Techn ical Cente r ,  Apr i l  1 ,  1 9 8 1 .  

tGros s vehi c le we i ght. 

GVWt 

�6 , 0 0 0  

�8 , 5 0 0  

> 8 , 5 0 0  

�8 , 5 0 0  

�8 , 5 0 0  

�8 , 5 0 0  

�8 , 5 0 0  

Mee t i ng th i s  sched u l e  h a s  chal l e nged t h e  dome s t i c  mo tor i n­
d u s try wi th pe rhaps the b ig g e s t  pe ace t ime conv e r s i o n  i n  i ts h i s­
to ry , b u t  i t  i s  s ig n i f i c a n t  that  in  recent  ye a r s  t h e  marke t d emand 
for f ue l  e f f i c ie n t  cars has  been s uf f i c i e n t  to e n c o u r ag e  mos t  man u­
fact urer s  to e x c e ed the i r  Corporate Ave r ag e  Fue l Eco nomy ( CAF E )  
r eq u i r eme n t s  by a cons id erab l e  marg in .  In add i t i o n , f o r  the f i r s t  
t ime i n  the d ome s t i c p a s s e n g e r  c a r  marke t ,  veh i c l e s  powered by 
d ie se l  eng ine s h av e  b e e n  in t rod uced . 

Th e tr e nd towards  d i e s e l -powe red v e h i c l e s  i s  s ig n i f i c an t , a nd 
i s  e x pe c t ed to c on t i nu e , s ub j e c t  to h e a l t h  and s a f e ty p r e c a u t i on s . 
No t only i s  the  d i e se l  e ng ine a more e f f i c ie n t  e ne rg y  c o nv e r s i o n  
d e v i c e  ( e s pe c i al ly i n  l i gh t-d u ty serv i c e ) b u t  a g a l l on o f  d ie se l  
f ue l  con t a i n s  abou t l l  p e r c e n t  more energy than d o e s  a g a l l o n  o f  
gasol ine . Th u s ,  i t  o f fe r s  man u f a c t urers the  op t io n  o f  s er v i ng the 
marke t for l ar g e r  ve h i c l e s , 'wh i l e  a t  the same t ime me e t i ng s im i l a r  
CAF E targe t s . A much h igher percentage o f  c r ud e  o i l  i s  now co n­
v e r ted to a utomo t i v e  g a so l ine than to a utomob i l e  d i e se l  f ue l , b u t  
t h i s  con s tra i n t  i s  no t e xpec ted t o  b e  l im i t i ng i n  t h e  t r e nd toward 
d ie se l  powe red au tomob i l e s  i n  the n e x t d e c ad e . 

4 6 6  



Th e sh i f t s  i n  the compo s i t i on o f  the veh i c l e  popul a t i o n  s uppor t  
t h e  t r e n d s  shown i n  F ig ur e  9 9 .  The env i ronme n t a l  impl i c a t ions o f  
t h i s  sh i f t are s ig n i f i c a n t , s i nce f o r  any g iv e n  control me thod­
ology , g ro s s  emi s s ions f rom trans po r ta t io n  veh i c l e s  are d e pe nd en t  
upo n the vol ume and type o f  f ue l  cons umed . 
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F ig u re 99. Gaso l i n e  and D iesel Consu m pt ion for Passenger  Cars and L i g ht D uty Trucks.  
SOURCE: Sun Company, I nc . ,  and Genera l Motors Corp . ,  1 981 . 

As me n t ioned prev i ou s l y , s tr i ng e n t  s ta t u to ry em i s s ion s tand a rd s  
l e d  to t h e  adopt ion o f  catal yt ic con trol s y s t ems f o r  mos t new 
veh i c le s , s tart i ng w i th the 1 9 7 5  mod e l  ye a r . To ac commo d a t e  the  
fue l i ng o f  th e s e  veh i c l e s , the Envi ronme n t a l  Prote c t ion Agency 
( EPA ) prov i d ed for the g e neral  d i s tr ib u t io n  o f  u n l e aded g a so l i ne 
through a lmos t a l l  g a so l i ne service  s ta t ion s , e f fe ct i ve J u l y  l ,  
1 9 7 4 . 

Ve h i c l e s  c e r t i f ie d  by E PA f o r  use o n l y  wi th u n l e ad e d  g a s o l ine 
are  f i tted with f i l l e r  ne cks that have re s t r i c t ive i n s e r t s  tha t 
would no t accept the l arg e r  d i spe n s ing no z z l e s  tha t mu s t  b e  used 
for l e ad e d  gasol ine . Th us , veh i c l e  m i s f u e l i n g  ( and con s equen t 
c a tal yst  d e s tr uc t i o n ) h a s  n o t  ye t appe ared as a ma j or pro b l em in 
ma inta i n i ng the i n t eg r i ty o f  the  new mo tor ve h i c l e  e m i s s i o n  control 
me thodol og y . A n umber o f  ind u s try s tud i e s , a n  E PA s tud y ,  and a 
Cal i forn i a  A i r  Re source s Boa rd s t udy ( o f  1 3 , 0 0 0  mo tor i s t s )  a l l 
f ound low m i s f ue l ing l ev e l s , r ang ing f rom 2 to 6 p e r c en t . l l  
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In i t i a l ly ,  u n l e ad ed g a so l ine wa s req u i red to me e t  a 9 1  o c t a n e  
m i n imum s pec i f i ca t io n  b y  the Re searc h  me t hod . La te r ,  a s  i t  b e c am e  
recog n i z e d  t h a t  t h e  oc tane requ i reme n t s  o f  t he v e h i c l e  po pu l a t i o n  
we re be t te r  repre s e n ted b y  a n  i nd ex con s i s t i ng o f  the  average o f  
r at i ng s  obta i ned by the Re search ( R )  and Mo tor ( M } me thod s , a n  
( R+M ) / 2 ind e x  m i n imum o f  8 7  wa s added . Th e ( R+M ) / 2  i nd e x  i s  t h e  
n umber po s ted on d i spe n s i ng pumps tod ay . Th e 8 7  oc tane ( i nd e x ) 
unl e ad e d  g a so l ine approx ima te s  previous  l e ad e d  premi um g a so l i n e  
b e fore t h e  l e ad wa s added . 

Th i s  requi remen t  fo r u n l ead ed g a so l ine te nd s to l im i t  the 
ava i l ab i l i ty of g a s o l ine , a nd in  par t acco u n t s  for t h e  g rowth i n  
r e f i ne ry proce s s i ng f a c i l it i e s  e x pe r i e nced d u r i ng the d e c ad e  o f  
the 1 9 7 0 ' s .  Re fo rm i ng capac i ty has i ncrea s ed d u r i ng t h e  d ec ad e  
f rom 2 . 7  MMB/D t o  3 . 8  MMB/D . Ca ta lys t s  t h a t  prod u c e  h i g h e r  prod u c t  
oc tane h ave b e e n  d ev e l oped and used throughout t h e  i n d u s try . Mor e ­
o ve r , the re f i n ing of h ig h-o c tane- f ue l b l end i ng compo nen ts red uce s 
g a sol ine y i e ld c ompared to the case where s im i l ar an t i knock p e r f o r ­
mance can b e  ach i ev ed throug h t h e  u s e  o f  l ead . 

At the  same t ime , f ue l  e f f i c ie ncy can be improved i f  e ng i n e s  
c a n  b e  c a l ibra ted f o r  h ig h e r  oc tane f ue l s . Howeve r ,  w i th i nc r e a sed 
prod uc t io n  o f  h ig h e r oc tane f ue l s  come s an i nc r e a s e  in r e f i nery 
f ue l  cons ump t ion . Th u s , beyond a c e r ta i n  o c t an e  l e ve l , n e t  f ue l  
sav ing s wi l l  d e c l i ne . It has  been e s t ima ted t h a t  a t  th i s  op t imum 
oc tane l eve l , the  ne t f ue l  s aved d ue to l e ad e d  f ue l  i s  6 . 5 pe rcen t 
g re a t e r  than wi th u n l ead ed f ue 1 . 1 2  

A n ew a spe c t  o f  f ue l u t i l i z a t io n  re l a te s  to ad vanced v e h i c l e  
comp u t e r  control sys t ems t h a t  c a n  accommod a te a knock s e n sor a s  a 
feed back e l eme n t . The s e  sys tems have the c apab i l i ty o f  u t i l i z i ng 
a w id e r  range o f  oc tane q u a l i ty ,  s i nce they t yp i c al l y  are c al i ­
b ra ted f o r  the h ig h e r  o c tane f ue l s . Fue l s  o f  l owe r o c tane a r e  ac­
c ommoda ted by a u toma t i c re tard a t ion o f  the s park t im i ng to avo i d  
con t i nuo u s  knock , b u t  a t  the sac r i f i c e  o f  some f ue l  e co nomy . 

The f i r s t  o x i d a t ion c a ta l y s t s  appe ared i n  the 1 9 7 5  mod e l  year , 
two ye ars a f te r  the  nad i r  o f  wha t  had been a t re nd o f  s e r i o u s l y  
d ec l i n ing f ue l  e c o nomy ( s ee F i g ur e  1 0 0 ) . To some e x te n t ,  t h i s  
depar t ure f rom the prev i o u s l y  used sys t ems o f  " eng i n e  mod i f ic a­
t ions " to me e t  em i s s i o n  control stand ard s perm i tted a r e c a l i b r a t i o n  
of t h e  e n g ine t o  re s tore some o f  t h e  l o s t  per formance a n d  e c onomy . 
At the same t ime , i nc re a s i n g l y  more s t r i ng en t  em i s s i o n  con trol 
s tand ards h ave taken a tol l in  f ue l  economy , a s  c an b e  seen by 
c ompar ing f l e e t  fue l e conomy h i s t o r ie s fo r s im i l ar c a r s  m a n u f a c ­
t ured t o  mee t u . s .  s tand a rd s ( fo r  4 9  s ta te s )  a n d  the  p re v i o u s l y  
more s tr i ng e n t  C a l i fo rn i a  s t and ard s ( see Ta b l e  6 9 ) . 

Fu ture em i s s io n  c o n tro l s ,  by v i r t ue o f  the  c omp u t e r  con trol 
sys tems pre v i ou s l y  men t ioned , w i l l  u t i l i ze s o-c a l l ed thre e -way 
c atalys t s  not v i s ua l i ze d  in  1 9 7 1 . In a narrow r an g e  o f  a ir/ f ue l  
r a t ios aro un d  1 4 . 8 : 1 , the r e l a t ion s h i p  o f  o x yg e n ,  C O ,  h yd ro c arbons , 
and NOx i n  the e x h a u s t i s  such  that a l l three po l l u ta n t s  can b e  
contro l l ed to v e ry l o w  l e ve l s  w i th a s i ng l e  c a ta l ys t .  Ano t he r 
f eed back s e n so r ,  t h i s  t ime used to me a s u r e  oxyg en i n  the e x h a u s t  
s tre am , i s  used . 
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Fig u re 1 00 .  M i l es per Ga l lon  vs. Years, A l l -F leet Ave rages- 1 967-1 979. 

NOTE: Weight = 4 ,500 lbs . ,  cubic i nch d isplacement = 3 5 0 ,  average monthly m i les = 2 ,000. 

SOURCE: American Petro leum I nstitute, Fuel Economy Trends in Passenger Car Fleets, 1 967- 1 974, updated 1 982 ( i n  press) .  

TABLE 6 9  

Ratio o f  Cali fornia MPG Leve l 

( Commercial Fl eets ) to Other 

49 States ' Average -- 1 9 76- 1 9 8 0  

Year Ratio ---

1 9 7 6  0 . 9 1 9  

1 9 7 7  0 .  9 3 4  

1 9 78 0 . 9 3 5  

1 9 79 0 . 949 

1 9 8 0  1 .  0 2 0  

SOURCE : American Petro leum Ins titut e ,  Fuel E conomy 

Trends in Pa s s enger Car Fl eets , 1 9 67- 1 9 7 4 ,  upda t e d  1 9 82 

( i n  pr ess ) .  
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Oxyg e n  s e n sor s , l i ke c a ta l ys t s , are e a s i ly s po i l e d  b y  me ta l l ic 
combu s t io n  prod uc t s . The 1 9 7 0  a nd 1 9 7 7  amendmen t s  to the C l ean A i r  
Ac t recogn i zed t h a t  f ue l s  and/or f ue l  add i t i ve s  c o u l d  conce i v a b l y  
j eopard i z e  pub l i c he al th , a n d  m i g h t  a l so j eopard i ze t h e  i n te g r i ty 
o f  mo tor ve h i c l e  emi s s ions control sys tems . The 1 9 7 7  C l e a n  A i r  Ac t 
amendme n ts carr ie d  th i s  f ur th e r  and d e c r e e d  tha t  f ue l s  and f ue l  
add i t ive s no t " s ub s t an t i al ly s im i l a r "  to those u s ed i n  c e r t i f ic a­
t io n  of 1 9 7 5  and s ub sequen t c ar mod e l s  are no t p e rm i t ted in c om­
me rc e . One s uc h  add i t iv e , an a n t i knock s ub s t i t u te f o r  l e ad known 
as MMT , h a s  been pro h i b i ted a f te r  e x tens i v e  and con trove r s i a l  
te s t ing . Th i s  j udgmen t wa s based i n  par t on o x yg e n  sensor e f f e c t s . 

Inspec t ion and ma i n tenance o f  the d e l i c a te l y  b a l a nced s y s tems 
men t ioned above i s  impo rtant to the i r  prop e r  f un c t io n ing . Due 
l arge l y  to pol i t i c a l  pre s s ure s , s ta t e s  h ave b e e n  re l u c tan t to e n­
force i n spe c t i o n  and ma i n te nance reg u l a t ions  by s t a t ut e . The r e  i s  
n o  d o ub t , howeve r , t h a t  proper ly f unc t ion ing pol l u t io n  con t rol 
e qu i pmen t can r e d u c e  a u tomo t iv e  em i s s i ons a nd po s i t iv e ly i mpac t 
the Na t ional Amb i e n t  A i r  Qua l i ty Stand ards i n  some areas . 

Ten ye a r s  ago i t  wa s thought tha t " ro l l i ng b a c k "  emi s s i on 
l ev e l s  to v e ry l ow l eve l s  wo u l d  obv i a te a i r  po l l u t i o n . Tod ay i t  i s  
recogn i zed that some a s pe c t s  o f  a i r pol l u t ion con t ro l , e s pec i a l l y  
f o r  ox i d a n t  prec u r so r s , a r e  imme n s e l y  more c ompl e x  than o r ig i n a l l y  
suspecte d . 

The po s i t ive e f fe c t s  that  the n a t ion a l  mo tor v e h i c l e  emi s s i on 
c o n trol e f fo rt have y i e l d ed are b e s t  seen perhaps i n  the a i r  
qual i ty trends for c o . l 3  c o  i s  l arge l y  g e n e ra ted by transpo r t a­
t io n , and so sho u l d  be r e ad i l y  amenab l e  to control  by rol l i ng back 
emi s s ions f rom transpor tat ion source s , e s pe c i a l l y  those f rom pa s ­
seng e r  cars . Dr ama t i c  red u c t io n s  i n  the r a te s  f o r  C O  a i r q u a l i ty 
v io l a t ions for m a j o r  U . S .  c i t i e s  over the seve n -ye ar i n terval  s ug ­
g e s t  n o t  only tha t C O  w i l l  no t long rema i n  a po l l u t i o n  aba teme n t  
prob l em , b u t  that  t h e  pre s en t , v e ry s tr i ng en t , u l t ima te s tand a rd s 
for new v e h i c l e s  m ig h t  b e  re l axed cons id erably w i t ho u t  r i s k i ng a 
re t urn to v iola t io n s  i n  the f ut ur e , whe n  n e w  e nv i ronme n t a l ly r e­
spo n s ive ve h i c l e s  w i l l  have repl aced the g e ne r a l l y  h i g he r  po l l u t i ng 
one s s t i l l  i n  s e r v i c e  tod ay . 

Na t ur a l  source s o f  t he pho tochem i c a l  o x i d a n t  prec ursor s ,  h yd r o­
c arbons , a nd NOx contr i b u te to o zone forma t i o n  and compl i c a te the 
probl em of d evelop i ng e f fe c t ive con t rol s tra teg i e s ( se e  Tabl e 7 0 ) .  
Pe r iod i c  incur s io n  o f  ozone  f rom the s t r a tosph e r e  f ur th e r  comp l i­
cates  s tra tegy d evelopmen t .  

Th e d eg ree to wh i c h  a u tomo t i v e  em i s s ions  should  b e  con trol l ed 
sho uld b e  r e-eva l ua ted o n  a cos t-e f fe c t ivene s s  ba s i s . Eno u g h  ha s 
b e e n  l e arned i n  the l a s t  d e c ad e  to suppo r t  an analys i s  tha t con­
s id e r s  no t only the f e a s ib i l i ty of ve h i c l e  con t ro l s  as a me ans t o  
a c h ieve a i r qua l i ty s ta nd ard s , b u t  the trade-o f f  b e twe en e n e rg y  
con s ump t ion a t  the  veh i c l e  and a t  the  re f i n e ry a s  wel l . 

Ten ye ars ago ,  much concern e x i s ted over the  he a l th impl i c a­
t ions of  l e ad i n  g a so l i ne . As a r e s u l t ,  E PA n amed l e ad a ha zardous 
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TABLE 7 0  

Natural and Man-Made Hydrocarbons 

and N itrogen Oxides in the United S tates 

Hydrocarbons 

S ource ( Mi l l ions of Tons Per Year ) 

Motor Vehicles 1 1  

Sta tionary Sources 1 1  

S ubtotal ( Man-Made ) 2 2  

N a tural Sources 8 0  

Total 1 0 2 

Nitr ogen Oxides 

( Mi l lions of Tons Per Year ) 

9 

1 4  

23 

2 3  

46 

SOURCE : Pierrard , John M . , "A Common Sense Approach to Automobi l e  

Standards , "  Energy and the Environment , Ins titute of Envi ronmental S c i ences , 

1 9 8 1 .  

a ir pol l u tant and promulga ted a phased own s c he d u l e  for the u s e  o f  
l ead an t i knock s . To d ay , l arg e ly a s  a r e s u l t o f  t h e  i nc r e ased 
con s umpt ion o f  u n l e ad e d  gasol ine , l e ad use  h a s  b e e n  red uced by 
abou t 7 5  p e rcen t ( s ee Tab l e  7 1 ) .  The conc e r n  fo r l e ad em i s s io n s  
h a s  been l arge l y  repl aced b y  new concern for s o-c a l l ed " unreg u l a te d  
pol l u ta n t s , "  e spe c i a l l y  d ie s e l  pa r t i c u l a te s . Di e s e l veh i c l e s  em i t  
approx ima te ly 6 0  t ime s the we i g h t  o f  par t i c ul a t e s  e m i t ted by 
s im i l ar g a so l i ne-powe red v e h i c l e s . Mo reove r , they a r e  comp l e x  i n  
nat ure , y i e ld e x t r a c t s  t h a t  some t ime s e x h i b i t  b io l og i c a l  ac t iv i ty , 
and are sus pec ted to be c apab l e  o f  pen e t r a t i o n  i n to d e e p  l ung 
t i s sue . In a d ec l i n i ng marke t for tran s por ta t ion f ue l s , d ie se l  
f ue l  con s umpt io n  trend s s tand ou t ,  wi th s t e ady g rowth e x p e c ted ov e r  
t h e  n e x t  1 0  ye ar s . 

The Clean A i r  Ac t requ i r e s  eng i n e  man u f a c t ur e r s  to s uppor t  
heal th r e se arch on unreg u l a ted po l l u t an t s , a nd cons i d e r a b l e  
con t i nued a c t ivi ty i s  pred ic ted over the n e x t 1 0  ye a r s  i n  t h e  
Coo rd i na t i ng Re se arch Coun c i l -A i r  Po l l u t io n  Re s e a r c h  Ad v i so ry 
Comm i t te e  o f  the Mo to r Ve h i c l e s  Manu fac t ur e r s  As soc i a t io n  and t he 
Ame r i can Pe tro l e um I n s t i tute , t he new He al th E f f e c t s  In s t i t u t e , and 
the E PA .  F i nal answe r s  to the que s t ion of unre g u l a ted par t i c ul a t e  
emiss ions may have to awa i t  t h e  r e s ul ts o f  e p i d em io l og i c a l  s t ud i e s . 

Ov e r  the l a s t  1 0  ye ars , n o i se , smoke , and NOx em i s s i o n s  f r om 
a i rcra f t  h ave b e e n  red uced a s  a i rcra f t  e ng ine s have b e e n  re tro­
f i tted w i th improved combu stors . The av i a t i o n  i nd u s t ry f o r e s e e s  no 
f ue l  probl ems as l o ng a s  the a roma t i c i ty o f  j e t  f ue l  c an be h e ld 
below about 2 5  p e r c en t .  At the same t ime , d ie se l  f ue l s  o f  g ood 
l ow-tempera t ur e  ope rab i l i ty and l ow-emi s s i o n s  c h a r ac ter i s t ic s  
compe te d i re c t l y  wi th av i a t io n  f ue l s  fo r the same par t o f  the 
pe trole um b arre l . 
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TABLE 7 1  

Gasol ine D emand and Lead Use - - 1 9 7 1 - 1 9 8 1  

Antiknock 

Pool§ Fluid Le ad 

Ga soline ( Gr ams o f  ( Mil l ions ( M il l ions 

D emand* Unleadedt L e ad Per of Pounds of Pounds Percentage 

Year ( MB/D ) ( Percentage )  Gal lon ) Per Year ) P er Y e ar ) of 1 9 7 1 

1 97 1  6 , 0 1 4 2 2 . 2 0  1 , 1 3 5  4 4 7  1 0 0  

1 9 7 2  6 , 3 7 6  2 2 . 0 5 1 , 1 2 5 4 4 3  9 9  

1 9 73 6 , 6 74 2 1 .  9 3  1 , 1 0 4  4 3 5  9 7  

1 9 74 6 , 5 3 7  6 1 .  74 9 7 6  384 86 

1 9 75 6 , 67 5  1 3  1 . 6 0  9 1 1 3 59 8 0  

1 9 7 6  6 , 9 7 8  2 0  1 .  62 973 383 86 
1 9 7 7  7 1 1 7 7 2 7  1 . 46 899 3 54 7 9  

1 9 7 8  7 , 4 1 2  3 2  1 .  3 2  839 3 3 0  7 4  

1 9 7 9  7 , 0 34 3 7  1 .  1 6  7 0 0  2 7 6  6 2  

1 9 8 0  6 , 5 82 4 3  0 . 7 1  4 0 2  1 5 8 3 5  

1 9 8 1 t 6 , 3 2 0  49 0 . 5 5 3 0 0  1 1 8 2 6  

* Data from u . s .  Ene rgy I n formation Admini s tration , Petroleum S t atement , 
Annual and December 1 9 8 0  I s sue s .  

tData from E thyl Corporat ion . 
§ 1 9 7 1 - 1 9 7 9  data from E thyl Corporatio n .  1 9 7 8 - 1 9 8 0  data from D i rector , 

F i eld and Support Divi s io n , u . s .  Environmental Protection A gency . 

SOURCE : Memorandum to National Pe troleum Refiners As sociation Board o f  

Dir ectors and As soci ate Member Representatives , May 1 ,  1 9 8 1 . 

F in a l ly , no n-pe trole um g a so l i n e  b l e nd i ng compon e n t s , s uc h  as 
a l coho l s  and e the r s , wh i ch have come i n to use to mee t the  in­
creas i ng oc tane needs for u n l e ad e d  g a sol i n e , may b e  con s id e red t o  
con f l i c t  wi th t h e  " s ub s tan t i al ly s im i l ar "  l im i ta t io n  i n c l u d e d  i n  
t h e  Clean A i r  Ac t Ame ndme n t s  o f  1 9 7 7 .  Sever a l  ye a r s  o f  e xp e r i e nc e  
w i th a var i e ty o f  these ma te r ia l s , i nc l ud ing the te s t i ng u nd e r taken 
fo r wa iver appl i c a t ion s , h ave r e s u l ted i n  the  p romu l g a t io n  of r u le s 
that  al low mos t o f  the b e ne f i t s to be u t i l i z e d , wh i l e  r e t a i n ing 
con trol s u f f i c i e n t  to s a f e g ua rd emi s s ion equ i pmen t .  

B .  Mar i n e  Mob i l e Sources  

Bunke r fue l s  are he avy p e t ro l e um f ue l s  tha t prov i d e  trans­
por t a t ion powe r  for the  mar ine s e c tor . They are s im i l ar to th e 
h e av y  f ue l s  u s e d  i n  l arg e fa c i l i t i e s  f o r  powe r g e n e r a t i on and space 
heat ing . 

Hypothe t i c a l ly , a mar i ne ve s s e l  i n  por t  or i n  c oa s ta l  wa t e r s  
m i g h t  be cons id ered a so urce  o f  a ir po l l u t ion b y  v i r tue o f  i t s 
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d i scharge o f  s tack o r  ( i n the  case o f  d ie se l  powe r ) e xh a u s t  g a se s . 
The s ub j e c t  has been d i sc u s se d  pe r iod i c a l ly i n  almo s t  a l l  mar i t ime 
j ur i sd i c t ions for ma ny ye ar s , but the n umbe r  of a c t u a l  r e s t r i c t ion s 
o n  such ope r a t i o n s  i s  sma l l .  

Fo r exampl e ,  t he ope r a t i ng perm i t  f o r  the ARC O  d oc k  a t  Lo ng 
Be ach , Ca l i forn i a , requ ire s that  a c e r ta i n  p e r c e n t ag e  o f  t h e  
v e s se l s  b u r n  f ue l s hav i ng n o  mo re than 0 . 5 p e r c e n t  s u l f ur c o n te n t  
by we ight wh i l e  i n  " ad j ac e n t  wa ter s "  ( d e f ined g eog raph i c al ly and 
i nc l ud i ng wa te r s  up to 6 0  or 7 0  m i l e s  o f f s ho re ) .  The c i ty o f  
Va ld e z , Alaska , i n  the proc e s s  o f  hear i n g s  r e l a t ive to a bond i s s ue 
f o r  t e rm i nal construc t io n , ag reed to requ i re the u s e  o f  b u nke r 
f ue l s  con ta i n i ng 0 . 7  percent  s u l f ur by we i g h t  o r  l e s s  d ur in g  
d ebal l a s t i ng ope r a t i on s . 

Rul e  No . 1 1 1 6 . 1 o f  the So u t h  Coast A i r  Qu al i ty Ma nag eme n t  
Di s tr i c t  i n  Ca l i forn i a  re s tr i c t s  ve s se l s  ope r a t i ng i n  h a rbors and 
i n  coastal wa ters ( de f in ed as above ) s o u th f rom the Ve n tu r a- Lo s 
Ange le s Coun t y  l ine to the Or ang e-San Diego Co unty l i ne to the  use  
of  f ue l s hav i ng sul f ur conte n t s o f  0 . 5  percent by we ig h t  o r  l e ss . 

Al thoug h such  r e g u l a t i o n s  cause  i n conve n ie n c e  d u e  to the 
prov i s io n  o f  segrega ted or even add i t ional f ue l  tankag e , they do 
not a t  the pre se n t  t ime cause a s ig n i f i c a n t  d i s to r t i o n  of  mark e t s  
o r  man u f a c t ur i ng proce s se s .  I f  the impo s i t io n  o f  s uch p r ac t i ce s  
should  become w i d e spr e ad , t he r e  should be mand a tory c oord i na t ion o f  
s uch r eg ul a t ions b y  a n a t ional o r  i n terna t io n a l  g roup a s  o u t l i ne d  
und e r  the d i sc u s s i o n s  o f  mar ine transpo rt a t io n  i n  Ch apter Four . 

LUB R ICANTS 

Mos t  l ubr i c a n t s  con ta in add i t ive s f o r  var i o u s  p ur po se s .  In  the 
past , some o f  the se add i t i v e s  repr e sen ted a po s s i b l e  he a l th h a z ard 
unle s s  care wa s taken to obse rve proper use a nd d i s po s a l  prac t i ce s . 
A f ew e x ampl e s  fo l l ow : 

• Some g e ar l ub r i c a n t s  con ta ined l e ad , phos pho r u s , a nd/or 
s u l f ur c ompound s ,  pr imar i ly to pro v i d e  e x treme p re s s ur e  
charac te r i s t i c s  t o  the l ub r i c an t . In some c a s e s  they we r e  
cons id e r ed to repre s e n t  an unacceptable r i s k  to hea l th . 
Mod i f ied fo rmu l a t i ons or , i n  some case s , t o ta l ly n ew 
add i t ive formula t ions were d evelope d . 

• So l u b l e  o i l s ,  wh ich are o i l s  e spe c i a l ly f o rmu l a te d  to emu l ­
s i f y r e ad i ly w i t h  1 0  t o  2 0 0  par t s  o f  wa t e r  t o  e ach par t o f  
o i l  f o r  use as l ubr i c an t s  and coo l a n t s  i n  ma ch i n i ng ope ra­
t ion s , and c u t t i ng o i l s , wh ich are used to l ub r i c a te a nd t o  
pro tec t from corro s ion the tool s and wo rk p ie c e s  i n  many 
me tal  mach i n i ng oper a t ion s , have b e e n  r e l a t ed to o u tb re aks 
of  d e rma t i t i s  in ma c h i n e  shops . The se o i l s  pr e se n te d  a 
d i s po s a l  probl em s i nce used emu l s ions were f r e q u e n t l y  d i s­
po sed o f  i n  a pub l i c sewe r . It wa s ne c e s s a ry t o  r e f o rm u l a te 
many o f  the s e  compo s i t ions i n  o rd e r  to m i n imi z e  the  r e a l  o r  
pe rce ived he al th h a z a rd and/or to e l im i na te any h a z a rd wh i ch 
m i g h t  be a s soc i a te d  w i t h  d i spo s a l . 
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• The d i s po s a l  o f  u s ed a u tomo t ive crankc a s e  o i l  h a s  b e e n  a 
we l l-pub l i c i z e d  env i ronme n ta l  concern f o r  many ye a r s . The 
d i s po s i t io n  o f  u s e d  o i l s  i s  d i s c u s sed i n  Cha p te r  Fou r . 
Mos t  r e f i n e r s  and marke t e r s  have faced more than o n e  o f  
the se probl ems i n  the  l a s t  d ec ad e . Al tho ugh the  so l u t i o n s  
we r e  some t im e s  d i f f i c u l t a n d  con s umed g r e a t  amou n t s  o f  
prod uc t d eve l opmen t  t ime , the nece s s ary mod i f i c a t io n s  t o  
l ub r i c a n t  fo rm u l a t i o n  o r  proce s s i ng d id no t c o n s t i t u t e  a 
maj o r  e conom i c  impa c t  on e i ther the ind u s try o r  t he p ub l i c . 

ASPHALTS 

Asph a l ts are se l ec ted he avy frac t ions from c r ud e  o i l s . The se 
he avy frac t io n s  are f ur th e r  trea ted w i th solven ts , b l o w i n g , a nd /o r  
hea t i ng to incorpo ra te s pe c i f ic prope r t i e s  appropr i a te to the f i na l  
in tend e d  use . Asph a l t i c  p rod u c t s  occ upy a un i que po s i t io n  i n  
petro l e um te chno l og y ;  t h e y  h a v e  the i r  own proc e s s i ng me thod s , a r e  
de sc r ibed b y  the i r  own voc abul a ry , and a r e  d e f ined by t he i r  own 
t e s t  me thod s . They have a l arge marke t i n  road s u r f a c i ng , r oo f ing 
manu fac t ure , and s pe c i a l  u s e s  s uch a s  ba t tery case man u f a c t ur e  and 
r e s i n  board pr epar a t io n . In 1 9 8 0 , a spha l t and road o i l  a c c o un ted 
fo r 2 . 4 perc e n t  of to t a l  pe trole um prod uc t s  cons umed , e q u i v a l e n t  to 
abou t 1 4 6  MMB ( s ee Ta b l e  5 8 ) . 

The use o f  the se prod uc ts d oe s  no t normal l y  impac t e n v i ronmen­
tal parame ter s ( a s s um i ng proper appl i ca t ion and d i s po s a l  prac t i ce s )  
e xcept in  the c a s e  o f  t he road - s ur fac ing ma te r i a l  u s ua l ly r e f e rred 
to as  " cu t-b a ck asphal t . "  As  its  n ame impl i e s , t h i s  ma te r i a l  
cons i s t s  o f  t h e  h e avy , r e s i no u s  ma ter i a l  i n tend ed to fo rm , a f ter 
c ur i ng , the pe rmane n t  ro ad s ur face , " c u t  back " w i t h  a vol a t i l e  
petro l e um s o l v e n t  t h a t  fac i l i ta te s  appl i c a t i o n  and i s  e xpec ted to 
evaporate d ur i ng the c ur i ng of the road s ur f ac e . Obv i o u s ly , t h e  
evapo ra t io n  o f  t h i s  solven t i s  a so urce o f  a tmosph e r i c hyd rocarbons 
and , i n  the us ual l y  accepted concept o f  t he fo rma t io n  of a tmo s­
phe r i c  ozone , could  contr i b u te to  the a tmosph e r i c  l oad i ng of  that  
o x id an t . 

Broad re s t r i c t ions o n  the use o f  c u t- b ac k  a s ph a l t have b e e n  
inc l ud ed i n  many S t a t e  Impl eme n ta t io n  Pl ans a c ro s s  t h e  c o u n t ry a s  
part o f  a hyd rocarbon r ed u c t io n  con tro l s t r a tegy b ased o n  E PA ' s  
Con tro l Techn ique Gu i d e l i ne s . In add i t io n , re s tr i c t io n  o f  the  u s e  
o f  cu t-b ac k  asph a l t s  o r  t h e  ag re eme n t  t o  use , for  e x ampl e ,  a wa te r 
emu l s ion i n s te ad o f  the  cu t-back a spha l t  have b e e n  d e v i c e s  i n­
corpo r a ted i n  pe rm i t t i ng proced u r e s  wh ere hyd roc ar bo n  o f f s e t s  we r e  
req u i red . 

S i nce pav i ng prac t i c e s  are normal ly q u i te var i a b l e  a nd i nd i v i d­
ual gov e rnmen t  un i t s and con tr a c tors have d i f f e r e n t  pre fe re n c e s ,  
th i s  b i as i n  the u s e  o f  cu t-back prepara t ions h a s  no t s ig n i f i c a n t l y  
d i s to rted manu fac t ur ing o r  d i s t r ib u t i o n  prac t i c e s  i n  t h e  a spha l t 
ind us try . I t  canno t , there for e , be po s i t i ve ly s ta ted t h a t  e i t he r 
the av a il ab i l i ty o r  cos t o f  a spha l t prod uc ts h a s  b e e n  a f fe c te d . 
The re s tr i c te d  u se ac t io n , howeve r , has  re s ul ted i n  a s ig n i f i c an t 
r ed uc t i o n  i n  the use  o f  pe trol e um solven ts i n  t h i s  appl i c a t io n . 
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C HAPTER S I X  

FATE AND EF FECTS OF S P I LLS 

INTRODUC T I ON 

Oil  sp i l l s , l arge and smal l ,  have long b e e n  o f  concer n . In 
add i t i on , h a zardous s ub s tance spi l l s  have re c e n t l y  r e c e ived con­
s id e r able a t te n t io n , pr imar i l y outs i d e  of the pe t rol e um ind u s t ry . 
O i l  and haz ardous s ub s tance sp i l l s  a t t r i b u ta b l e  to the pe tro l e um 
ind u s t ry c a n  be d e r ived f rom both l and- and mar i n e -b a s ed a c t i v i t ie s  
o f  al l the segme n t s  o f  the ind u s try ope r a t ions : e x p l ora t i o n  and 
prod u c t io n ; re f i n i n g ; and s torag e , transpo r ta t io n , and marke t in g . 

Gre a t  a t ten t ion has  b e e n  focused on a c t u a l  o i l  sp i l l s  and po­
tent ial s p i l l sourc e s . Wi th i n  the petrol e um i n d u s t ry , h a z a rd o u s  
s ubs tance sp i l l s  are l e s s  f requen t ,  smal l e r , l e s s  s pe c tac u l a r , and 
h ave much more loca l i ze d  envi ronme n ta l  impac t than do o i l  sp i l l s . 

Pr ev e n t io n  o f  sp i l l s  i s  the f i r s t  l i ne o f  d e fe n s e  i n  protec t i ng 
l i f e , prope r ty , and the env i ronmen t .  E f f e c t ive prevent ion p l an s  
c an red u c e  spi l l  i n c id e n t s . Ex per i e n c e  has  s hown t h a t  e q u i pm e n t  
f a i l ure s a n d  ope r a t ional or h uman e r ror s are the pr i n c ipal c a u se s 
o f  sp i l l s . Eq u ipme n t  f a i l u r e s  can be m i n im i z e d  throug h g ood d e s i g n  
and eng i n e e r ing , prop e r  ma i n tenanc e , and freque n t  i n spec t io n . 
Ope r a t ional errors c an be r e d u c ed by pe rsonn e l  t r a i n i ng , i nc l ud i ng 
an awarene s s  o f  sp i l l  pr even t ion , and ad equa te s uperv i s io n  o f  
proced ure s .  

Sp il l prev e n t ion i s  no t 1 0 0 pe r c e n t  e f f e c t iv e , howeve r ,  a nd 
some sp i l l s  do o c c u r . Sp i l l  con t i ngency p l a n s  have b e e n  d eve loped 
to re spond to th i s  eve n t ua l i ty and a va r i e ty of sp i l l  con t ro l  and 
c l eanup techn ique s h ave been d evelope d . In  add i t io n , there ha s 
been a substan t i a l  i n c re a se i n  the knowl edge o f  the f a t e  and 
e f f e c t s  o f  sp i l l ed ma t e r i a l s . 

I .  Leg i s l a t ion and Reg u l a t ions 

Se c t io n  3 1 1  o f  the  Clean Wa ter Ac t and i t s reg u l a t ions d ea l  
spe c i f ic a l ly w i th o i l  and haz a rdous s ub s tance sp i l l s i n  u . s .  
water s . Th e Ac t wa s d ra f ted to encourag e  a h i gh s tand ard o f  care 
i n  the hand l ing o f  o i l  and haz a rdous subs t a n c e s  and proh i b i t s  th� 
d i s charge o f  o i l  o r  ha z a rdous  s ubstances i n  q u an t i t i e s  tha t may b e  
harmf u l . Th e Ac t requ i r e s  that spi l l s b e  repo rted , a nd that  c iv i l  
pena l t i e s  be a s s e s sed a ccord i ng ly .  Fa i l ure to repo r t  a sp i l l  c a n  
s ub j e c t  a d i sc harg e r  t o  c r im i na l  pe na l t ie s . Pl ans  for the p r ev en­
t ion o f  o i l  and ha z a rd o u s  s ub s tance sp i l l s  are a l so r e q u i red by 
the Ac t .  

Ot he r leg i s l a t ion that  ad d r e s s e s  the problem o f  s p i l l s , p a r­
t i c ul ar l y  those o f  h a z a rd o u s  ma ter ia l s ,  i s  the Compr eh e n s i v e  
Envi ronmen ta l  Re sponse , Compe n s a t ion and L i ab i l i ty Ac t o f  1 9 8 0  
( C ERCLA ) ( S u pe r f und ) .  A d e ta i l ed d i sc u s s ion o f  C ERC LA i s  con ta i ned 
i n  Chapt e r  One o f  th i s  re por t . 
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HAZ ARDOUS S UB S TANC E S P I LLS 

Th e pe t ro l e um i n d u s t ry is a v e ry sma l l  source of h a z a rd o u s  s ub­
s tance s p i l l s . The q u an t i t ie s  o f  ha za rd o u s  s ub s t a n c e s  used w i t h i n  
the i nd u s t ry a r e  sma l l  re l a t i v e  to the vo l ume s o f  o i l  hand l ed . 
Wh i l e  the impa c t s  o f  ha z a rd ous s ubs tance sp i l l s  c a n  be s e r i o u s  
( e . g . , f i sh k i l l s ) , i n  mo s t  c a s e s  they a r e  tempo rary and d o  no t 
pos e  long-t e rm probl ems . 

Ha z a rd ou s  s ubs tances are tho s e  ma t e r i a l s  d e s i g na ted by E PA 
und e r  Se c t i o n  3 1 1 o f  the Cl ean Wa t e r  Ac t . l As o f  Oc tobe r  1 9 8 1 , 
the l i s t  o f  ha z a rd ou s  s ubs tances con ta i n s  2 9 8  ma t e r i a l s , c h e m i ca l s , 
and compound s . 2 Sp i l l s  o f  h a z a rdous s ub s ta n c e s  m u s t  be reported 
promptly to the Na t ional  Re s po n s e  Cen te r  if  the quan t i ty s p i l l e d  
e xceeds t h e  repo rtab l e  quan t i ty spe c i f i ed i n  t h e  reg u l a t i o n s . 3 
E PA i s  c urre n t l y  i n  the proce s s  o f  rede f i n i ng re po r ta b l e  quan t i t ie s  
for sp i l l s  o f  h a z a rd o u s  s u b s tances und e r  C ERCLA . Th e s e  ma te r i a l s  
are u s ed i n  re f i ne r i e s  a s  proc e s s  wa t e r  and wa s te wa t e r  t r e a tmen t 
chem i cal s ,  l ube proce s s  so lven t s , and ad d i t i ve s , a nd are man u fac­
t ured a s  a c omponen t  o f  some prod u c t s  { pr imar i ly g a so l i n e ) .  Some 
of the more commo n h a z a rd o u s  subs tance s  used in r e f i n e r i e s  and 
the i r  reportable  quan t i t i e s  are shown in Tabl e 7 2 .  

The s e  ma te r i a l s  are hand l e d  wi th care w i t h i n  the  re f in e r i e s  and 
whe n  sp i l l s occur  they are typ i c al ly conta i ned w i th i n  tank d i ke s ,  
neu tral i zed , o r  r emoved d ur ing wa s tewa te r  trea t ing opera t i on s . Th e 
s p i l l  preve n t ion ac t i v i t i e s  w i th i n  re f i ne r i e s  to control o i l  s p i l l s  
( Sp i l l Pr even t io n , Con trol and Co un terme a s ur e  Pl an s ) a l so s e rve to 
control h a z a rd o u s  s ub s tance r e l e a se s . As a r e s u l t ,  a c t u a l  repo r t­
able  or h a rmf u l  r e l e a s e s  to nav igable  wa t e r s  are m i n i m i z e d . 

The pr i ma ry foc u s  o f  h a z a rdous s ubs tance s p i l l  con t ro l  i s  pr e­
vention , b e c a u se sp i l l  c l eanup act ions are very d i f f i c u l t in mo s t  
cases , and impo s s i b l e  i n  other s .  The s e  c l e anup d i f f i c u l t ie s  ar i s e  
because o f  the d iv e r s e  n a t u r e  o f  the ma te r i a l s  o n  the h a z a rd o u s  
s ubs tance l i s t u s ed i n  re f i n e r ie s ; e . g . ,  some a r e  comp l e te ly wa te r 
s o l u b l e  ( sod i um hyd ro x i d e ) wh i l e  o thers  are r e l a t iv e ly i ns o l u b l e  
( to l uene ) .  

I .  H a z a rd o u s  S u b s t ance Sp i l l  Da ta 

As a re s ul t  o f  the repo r t i ng requ i reme n t s  o f  the  Clean Wa te r 
Ac t ,  t he U . S .  Co as t Gu ard ma i n t a i n s  e x te n s i ve d a ta o n  reported 
sp i l l s  of h a z a rd ou s  s ub s tance s . The data o n  h a z a rd o u s  s u b s tance  
s p i l l s  show t he t r e nd s i l l u s tra ted i n  F i g u r e  1 01 .  

Ha zardous s u b s tance s p i l l  d a ta for 1 9 8 0  s how t h a t  l i qu id s p i l l s 
f rom a l l  s o u rc e s  i n  the e n t ir e  Un i te d  S t a te s to t a l e d  6 2 5 , 4 6 5  g a l ­
lons ( s ee Ta b l e  7 3 ) .  Of th i s  total , 7 2  p e r c e n t  wa s f r om non trans­
por t a t ion s o ur c e s ,  1 0  percent  f rom mar ine f ac i l i t ie s , 7 p e r c en t 
from p ipe l i ne s , 6 p e r c e n t  from ve s s e l s , 3 p e r c e n t  f r om l a nd ve­
h ic le s , a nd 2 pe r c e n t  unknown . Dry b u l k  s p i l l  d a t a  for 1 9 8 0  s how 
the e n t i re u . s .  amo u n t  to b e  1 , 2 3 0 , 4 1 8  pou nd s . O f  t h i s  total , 9 5  
pe rce n t  was f rom p i pe l i ne s , 2 pe r c e n t  from ves se l s , 2 perce n t  f r om 
nontrans po r t a t ion sou r ce s , a nd 0 . 2  perce n t  from l a nd ve h i c le s . 4 
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TABLE 72 

Hazardous Substances 

Common in the Refining I ndustry 

Substance 

Ammonia 

Benzene 

Chlorine 

Furfural 

Hydr of luoric Acid 

Hydrogen Sul f i de 

Phe no l  

Sodium Hydroxide 

Sul furic Acid 

Tetraethyl Lead 

Toluene 

Xyle ne 

Reportable Quantity 

( P ounds ) 

1 0 0  

1 1 0  0 0  

1 0  

1 1 0  0 0  

5 , 0 0 0  

1 0 0  

1 1 0  0 0  

1 , 0 0 0  

1 1 0  0 0 

1 0 0  

1 , 0 0 0  

1 , 0 0 0  

SOURCE : De termination of Repo rtab le Quantities for Hazardous 

Substances , C ode of F e deral Regu lations , 40 CFR 1 1 7 .  

Th e 1 9 8 0  d a ta show t h a t  pe troleum r e f i ne r i e s  contr ib u t ed only 
5 pe rcent o f  the  l iq u i d  sp i l l ed and 0 . 2  per c e n t  o f  the  d ry b u l k  
ma t e r i a l s  s p i l led . N o  h a z a rdous  s ub s tance s p i l l s we r e  repo r t ed f o r  
oth e r  pe tro l eum i nd u s t ry ope rat ions . S 

O I L  S P I LLS 

O i l  s p i l ls a re prob ab ly t h e  mo s t  v i s ib le a nd we l l  recog n i z ed o f  
a l l  acc idental  i nd u s tr i al r e leas e s . D u r i ng the l a s t  decade , s ub ­
s tant ial  wo rk h a s  b e e n  done to preve n t  o i l  s p i l ls , c le a n  them u p  
when they o c c ur , a nd s tudy t h e  ove r al l i mpa c t  o f  a l l  o i l  i np u t s  
i nto t h e  world ' s  wa ters . Th e rema i nd e r  o f  th i s  c h ap t e r  d i sc u s se s  
these e f fo r t s , a nd the i r  re s u l t s . 
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� 
00 
w 

Spi l l  S i z e  
( G a l lons ) 

1 -
1 0  -
50 -

1 0 0  -
5 0 0  -

1 ' 0 0 0  -
2 ' 5 0 0  -
5 , 0 0 0  -

1 0 , 0 0 0  -

5 0 , 0 0 0  -

9 
49 
99 

499 
999 

2 , 499 
4 , 999 
9 , 0 0 0  

4 9 , 999 
99 , 9 9 9  

1 0 0 , 0 00 - 999 , 999 
1 , 0 0 0 , 0 0 0  

Unknown 
Shee n  

Total 

Number* % 

2 , 2 2 6  2 8 . 4  
1 , 84 5  2 3 . 5 

5 8 7  7 . 5  
8 7 4  1 1 . 2  
1 9 7  2 . 5  
1 82 2 . 3  

7 9  1 . 0  
49 0 . 6  
4 5  0 . 6  
1 3  0 . 2  
1 2  0 . 2  

1 o . o  
7 73 9 . 8  
9 5 4  1 2 . 2  

7 , 83 7  1 0 0 . 0  

*Number o f  s p i l l s  reported . 

O i l  
Volume 

( G a l l on s ) 

6 , 23 2  
4 0 , 884 
3 8 , 4 0 9  

1 7 9 , 4 8 1  
1 2 8 , 76 8  
2 6 9 , 39 2  
2 7 7 , 63 6  
3 4 1 , 2 2 0  
9 94 , 0 7 1  
888 , 8 80 

2 , 8 2 3 ,  7 2 6  
1 , 34 4 , 0 0 0  

- -

- -

7 , 3 3 2 , 69 9  

SOURC E :  Department o f  Transpor t a t ion , u . s .  

TABLE 7 3  

Spi l l s  of O i l  and Other Substances - - 1 98 0  

H a za r dous Othe r Total 
Volume Volume Volume 

% Number* % ( G a l lons ) '!. N umbe r* '!. ( Ga l lons ) '!. Number *  '!. ( G a l lon s ) % 

0 .  1 2 0  1 5 . 0 74 o . o  1 5 5  9 . 6  4 0 0  0 . 2  2 , 4 0 1  2 5 . 1 6 , 7 0 6  o .  1 
0 . 6  2 l!  1 5 . 0  4 4 7  o .  1 8 5  5 . 3  1 , 6 5 3  0 . 6 1 , 9 5 0  2 0 . 4  4 2 , 9 84 0 . 5  
0 . 5  4 3 . 0  2 4 0  o . o  3 2  2 . 0  2 '  1 78 o . 8  6 2 3  6 . 5  4 0 , 82 7  0 . 5  
2 . 4  2 0  1 5 . 0  3 , 4 1 1 Q . 5  4 5  2 . 8  9 , 4 2 5  3 . 6  9 3 9  9 . 8 1 9 2 , 3 1 7  2 .  3 
1 . 8 4 3 . 0  2 , 4 0 0  0 . 4  1 0  0 . 6  6 , 2 0 0  2 . 4  2 1 1  2 . 2  1 3 7 , 3 68 1 .  7 
3 . 7  6 4 . 5  1 0 , 38 5  1 . 7  1 2  0 . 7  1 8 , 6 5 0  7 . 2  2 0 0  2 .  1 2 9 8 , 4 2 7  3 . 6  
3 . 8  1 5  1 1 . 3  5 2 , 80 4  8 . 4  8 0 . 5  2 7 , 90 0  1 0 . 7  1 0 2  1 . 1 3 5 8 , 340 4 . 4  
4 . 7  3 2 . 3  2 3 , 2 0 0  3 . 7  5 Q . 3  3 8 , 4 0 0  1 4 . 7  5 7  0 . 6  4 0 2 , 8 2 0  4 . 9  

1 3 . 6  6 4 . 5  1 7 0 , 2 4 4  2 7 . 2  5 Q . 6  1 0 5 , 6 0 0  4 0 . 6  56 0 . 6  1 , 2 69 , 9 1 5  1 5 . 5  
1 2 .  1 - - - - - - - - 1 o .  1 5 0 , 0 0 0  1 9 . 2  1 4  o .  1 9 3 8 , 88 0  1 1 . 4  
3 8 . 5  1 o . 8  3 6 2 , 2 6 0  5 7 . 9  - - -- - - - - 1 3  0 . 1 3 , 1 8 5 , 986 3 8 . 8  
1 8 . 3 - - - - - - - - - - - - - - - - 1 o . o  1 , 3 4 4 , 0 0 0 1 6 . 4  

- - 3 3  2 4 . 8  - - - - 9 0 5  5 6 . 3 - - - - 1 ' 7 1 1  1 7 . 8  
- - 1 o . 8  - - - - 3 4 5  2 1 . 5 - - - - 1 ' 3 0 0  1 3 . 6  

1 0 0 . 0 1 3 3 1 0 0 . 0 62 5 , 4 6 5  1 0 0 . 0 1 , 6 0 8  1 0 0 . 0 2 6 0 , 4 0 6  1 0 0 . 0  9 , 5 7 8  1 0 0 . 0 8 , 2 1 8 , 5 7 0  1 0 0 . 0  

Coast Guard , Polluting I ncidents In and Around u . s .  Wate r s ,  C a l endar Years 1 9 79 and 1 9 80 . 



I .  O i l  S p i l l  D a t a  

T h e  C le a n  Wa t e r  Act and i ts impl eme n t i ng r eg u l a t ions proh ib i t  
the  d i sch arge o f  o i l . Spi l l s that  prod u c e  a s h e e n  or cau se a 
s l udge o r  emu ls ion d epos i t  m u s t  b e  reported to the N a t ional  Re­
sponse C e n te r . A s  a re s u l t  o f  th is repo r t i ng r eq u i r eme nt ,  the U . S .  
Coa s t  G ua rd ma i n ta i ns e x tens i ve data on repo r t ed o i l  sp i l l s . The 
data on oil s p i l l s  s how t h e  trend s  i l lu s tr a ted i n  F ig u r e  1 0 2 . 

De t a i l ed Coa s t  Guard d a t a  show t h a t  i n  and a round u . s .  wa t e r s  
i n  1 9 8 0  t he r e  we r e  7 , 8 3 7  o i l  sp i l l s , tota l i ng ove r 7 . 3  m i l l ion 
gal lons ( s e e  Tab l e  7 3 ) .  Of th i s  total , 45  pe rce n t  was  from ve s­
s e l s , 23 pe rce n t  from p i pe l i ne s , 1 2  pe r c e n t  from nontransport a t ion 
source s , 1 1  pe r c e n t  from ma r i n e  fac i l i t ie s , 6 p e r c e n t  unk n own , 2 
pe r c e n t  from l a nd veh ic l e s , a nd 1 pe r c e n t  from land fac i l i t i e s . 6 

The Coa s t  Guard d a t a  reve a l  that though nume rous sma l l  o i l  
sp i l l s  occur f r om a va r i e ty o f  sour ces , l a rg e  o i l  s p i l l s ( thos e  
ove r 1 0 0 , 0 0 0 g a l l o n s ) a r e  ve ry rare . Smal l sp i l l s  o c c ur r i ng a t  
i nd u s tr i al f ac i l i t i e s  a re u su a l ly con t a i ned a nd removed b y  f ac i l i ty 
pe rson n e l  u s i ng ava i l ab l e ma t e r i a l s  wh i l e  larger  sp i l l s  may r eq u i re 
the s e rv i c e s  o f  a c le anup contrac tor o r  a s p i l l  c oope r a t i ve . 
Sp i l l s o f  over 1 0 0 , 0 0 0  g a l lons , d epe nd i ng on l o ca t io n , may r eq u i re 
a coord i na ted re s po n s e  e f fo r t  o f  nume rou s c ompa n i e s , c oope r a t i ve s ,  
contra ctors , a nd g ove r nme n t  agen c i e s . 

u . s .  Coa s t  Gua rd d a t a  for 1 9 8 0 ( see Tab l e  7 3 ) r e ve a l  that  over 
7 0  pe r c e n t  o f  r epo rted s p i l ls were und e r  5 0 0  g a l lons , 7 pe r c e n t  
we r e  mor e  t h a n  5 0 0  b u t  l e s s  t h a n  5 0 , 0 0 0  g a l l o n s , and l e s s  than 0 . 3 5 
percent  were mo r e  than 5 0 , 0 0 0  g a l lons . Ab ou t 2 2  pe r c e n t  o f  s p i l l s 
repo r t ed were d e sc r ib ed a s  o f  unknown q ua n t i ty o r  a s  an o i l  s h ee n . 

O I L  S P I LL CONTROL M EASURES 

Th e goals  of o i l  sp i l l  con trol are both e c o l og i ca l  and e co­
nomi c .  The pr ima ry e c o log i c a l  goal is the pro te c t io n  o f  the  ec o­
l ogy o f  the l a nd/wa t e r  area ag a in s t  pe rmanen t  h a rm . Th e e conom i c  
goa l s  are pro t e c t i o n  o f  beache s , shore l ine s , and as soc i a te d  s tr u c­
tures ag a i n s t  d amag e , a nd the re covery , i f  po ss i b l e , o f  a v a l u a b l e  
natural re sourc e - - pe t ro l e um .  To ac compl i sh t h i s  task , aro und­
the-c lock c apab i l i ty t o  re spo nd to  spi l l  inc id en t s  mu s t  e x i s t . 

I .  Con ta i nmen t  and Recove ry 

Oi l spi l l s may be conta ined and o f te n  r e covered e i t h e r  by 
pure l y  me chan i c a l  me t hod s o r  by absorp t ion of the o i l  and s ubs e ­
que n t  remova l .  Ne w me tho d s  o f  o i l  sp i l l  conta i nment  and r e c ov e ry 
con t in ue to b e  d ev e l oped a s  indus try seeks be t te r  way s to c l e an u p  
o i l sp i l l s . 

Ne x t  to preve n t ion , the  mo s t  important  proc e d u r e  f o r  mi t i g a t i ng 
ecolog i c a l  and e conom i c  l o s s  f rom sp i l l ed o i l  i s  mechan i c a l  co n­
ta i nme n t  and recove ry . Th i s  i n c l ud e s  the use of conta i nment  booms , 
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o i l  sk immer s ,  sorbe n t ing , and other d e v i ce s .  Eq u i pmen t and pro­
c ed u r e s  for con ta in i ng and recov e r i ng o i l  sp i l l s  i n  pro t e c ted 
wa ters are we l l  d ev e l ope d . In ad d i t ion , some o f  the s e  d e v i c e s  are 
e f f e c t ive i n  ope n wa te rs und e r  mi ld cond i t i ons . Howe v e r , the c on­
ta i nmen t  of o i l  in the open sea und e r  e x treme l y  ad v e r s e  cond i t ion s 
i s  nearly impo s s i b l e , r e g a rd l e s s  o f  equ ipme n t  d e s i g n . 

A .  Booms 

Sp i l l e d  o i l  can be conta ined by f l oa t i ng booms con s i s t i ng of a 
f l o a t  sys t em f rom wh i c h  a sk i r t  hangs d ownward i n to the  wa te r . 
S e c t ions o f  boom can be s t r ung tog e th e r  to f o rm a b a r r i e r  o f  the  
d e s i red l e ngth . O i l  is  preven ted from be i ng c a rr i e d  und e r  the  boom 
by the ski r t , wh i c h  is we igh ted to keep the boom s k i r t  upr ig h t . 
Booms are u s ed to conta i n  o r  d i r e c t  o i l  by a var i e ty o f  means i n­
c l ud i ng e n c i r c l eme n t , swe ep i ng o i l  to a co l l e c t i o n  po i n t , a nd/or 
d i rec t i ng o i l  by form i ng a barr i e r  a long wh i c h  the s l i c k  mov e s  to a 
col l e c t ion po i n t . 

Booms are h ig h l y  e f f e c t iv e  f o r  conta i n ing o i l  i n  harbor s , i n­
l and wa ter s ,  and und e r  c al m  to mod e r a te cond i t io n s  i n  the  open s e a . 
Swe e p i ng spe e d s  m u s t  be v e ry s l ow wh en booms are u s ed i n  the open 
sea . Booms c a n  be u s ed e f fe c t ive l y  i n  d i r e c t i ng o i l  s l i cks to a 
g iven po i n t , prov ided t h e r e  i s  a proper ang l e  be twe en the  boom and 
c urre n t  d i re c t io n , pre f e r a b l y  so tha t the c ur r e n t  normal to the  
boom is  l e s s  than one knot . 

Th e u s ua l  reason f o r  f a i l u r e  o f  booms i s  tha t , a s  o i l  ac­
c umul a te s , it  i s  c a r r i e d  und er the boom by the rap i d  c urren t s . 
Le ng then ing o f  the  sk i r ts requ i r e s  increas i ng the s tr e ng t h  o f  the 
boom i n  o rd e r  to overcome the h yd ra u l i c  force s . A l s o , there is a 
po i n t  whe r e  i nc re ased boom d r a f t  prov id e s no ad d i t i o n a l  ad van ta g e  
t o  re s tr i c t  en tra i nme n t . 

In ad d i t ion to the conta inme nt prob l em , open- s ea tend i ng and 
anchor i ng o f  booms are d i f f i c ul t .  Fo rces  b u i l t  up by w i nd and wav e 
a ct i on d rag ancho r s  and break l ines  and anchor f i t t i ng s . Ar t i c u­
la ted booms are n e c e s s a ry to con form to the s ur f ac e  o f  the s e a . 

A i r  barr i e r s  h ave been u s ed i n  harbors a t  o i l  tanker terminal s .  
An a i r b ar r i e r  con s i s t s  o f  a p i pe or hose po s i t ioned s e v e r a l  f e e t  
bel ow t h e  wa t e r  s ur f ac e , i n  some c a s e s  o n  t h e  b o t tom , f rom wh i c h  
a ir is  j e t ted through no z z l e s a l ong the l e n g t h  o f  p ipe . Th e up­
we l l i ng a i r/wa t e r  c urrent  p rod uced by the s tre am of a i r  c r e a t e s  a 
f low o n  the wa ter s ur f ac e , wh i c h  t e nd s  to repe l f l oa t i ng o i l . To 
be s uc c e s s f u l , the a i r  barr i e r s  mu s t  be ta i lored f o r  e a c h  i n s ta l l a­
t io n ; t he y  are no t appl i c a b l e  i n  o f f s ho re ope r a t ions b e c a u s e  o f  the 
var iable  cond i t ions and forces  that occur . 

B .  Sk imme r s ? 

A f t e r  sp i l l ed o i l  has  been con ta ined , i t  mu s t  b e  r emove d . A 
skimme r prov id e s  one o f  the l e a s t  e xpe n s ive and mo s t  e f fe c t i v e  
me ans of  r emova l w i t h  the  advan tage o f  re cove r i ng o i l  w i thou t 
chang i ng i t s  ph ys i c al o r  chem i c a l  prope r t i e s . Al thoug h  many 
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sk immer un i t s  are c ommerc i a l ly ava i l a bl e , t h e re a re f ive ba s i c  
type s : 

• Float ing S u c t ion U n i t s . Fl oat i ng s u c t i o n  un i t s  are con­
s t r uc ted to f l o a t  at the o i l/wa ter i n te r f ac e . A s e l f­
pr im ing p ump is  no rma l ly used to d r aw s k i mme d o i l  o f f  
t h rough a t tached f loat ing hose s .  The sk imm ing h e ad i s  
f l ex i b l e , conforms t o  wave ac t ion , a nd w i l l  skim o i l  in 
s p i te o f  smal l wave s . 

• F lo a t i ng We i r  Sk imme r s . Floa t ing we i r  sk imme r s  are d e s i g ned 
to al low o i l  to f l ow ove r the top edge  o f  a we i r  and i n to a 
col l e c t i ng ve s se l  where the o i l  i s  p umped away t h rough a 
f l ex i bl e  ho s e . Th e sk imme r pe r f o rms e f f e c t iv e l y  i n  qu i e t  
wa ter s . 

A r e c e n t  d eve lopmen t  h a s  been the  manu f a c t ure o f  a sk imm ing 
boom . Th i s  d ev i c e  i s  a comb i n a t ion o f  a s p i l l  con ta inme n t  
boom and a f loa t ing we i r  sk imme r . The boom i s  s lo t ted to 
skim con ta ined o i l . Wh en su f f i c i e n t  o i l  i s  col l e c ted , i t  
f l ows t h rough a s e c t ion o f  the boom to a p ump and then i n to 
separa t i on/co l l e c t ion f ac i l i t i e s . Wh en the o i l  l aye r be­
come s m i n ima l , p ump ing s tops . Th i s  proce s s  red uce s th e 
vol ume of wa te r hand led and s ig n i f i c a n t l y  i n c r e a s e s  the 
e f fe c t ivene s s  o f  the sk imme r . 

• O l eoph i l i c D i s k s , Drums , or Be l t s . Al l o l eoph i l i c  sk immers 
work o n  the pr inc ipl e s  o f  absorpt i o n , a d sorp t io n , or ad ­
herenc e . The ol eoph i l i c  ma t e r i a l  con t i n u al l y  p a s s e s  through 
an oil  s l ick and  the  o i l  ad h e re s  to o r  soaks  i n to the ma te r­
i a l . The sorben t ma ter i al i s  d rawn f rom the wa te r , the o i l  
i s  wipe d  o r  sque e z e d  from i t ,  a nd the so rben t  ma te r i al pas­
s e s  through the s l i c k  ag a i n to col l e c t mor e  o i l .  Re covered 
oil i s  pumped to a ho l d ing v e s s e l  or tank . 

• Hyd rodynam i c  I nc l i ned P l ane . Th i s  s k imme r con s i s t s  o f  an 
i nver ted end l e s s  be l t  d e s igned to c arry the  o i l  beneath the  
s ur f ace a s  the s k immer i s  ma neuve red i n to the o i l . The o i l  
w i l l  l e ave the be l t  a t  the bot tom and f l o a t  upward i n to a 
co l le c t ion we l l  to be pumped away to recove ry . 

• I nd uced Vor t e x  or Cyc lone Sk imme r . Th i s  type o f  s k imme r 
empl oys the c e n tr i f ug a l  force o f  a vo r t e x  to s e pa r a t e  o i l  
and wa te r . Oi l ac cumu l ates near the top o f  the vortex  and 
is p umped to s torage tanks wh i l e  wa t e r  is e xpe l l ed t h ro ug h  
a n  e x i t  po r t . A vortex can be c r e a te d  e i t h e r  b y  a s p i n n i ng 
d i s c , o r  by the forward speed o f  a ve s se l . 

Suct ion un i t s and f lo a t ing we i r s  are the mo s t  c ommon type s o f  
s kimme r s  b e c a u s e  they are u s u a l ly s impl e  t o  ope r a te , v e r sa t i l e , 
and gene r a l l y  co s t  l e s s  than other type s . Mo s t  sma l l  sk imme r s  can 
be compa t i b l e  wi th e ach o the r ,  prov id ing proper ho s e  conn e c t io n s  
and coupl ings  a re ava i l abl e . Smal l sk immer s  are r e l a t i v e l y  i n­
e xpe n s ive and c an be u s ed on sma l l  and l a r g e  s p i l l s . La rg e se l f­
prop e l l ed sk imme r s  are very cos t ly and are u s u a l ly p ur c h a s e d  by 
coope r a t ive s and gove rnme n t s . 
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C .  Sorb e n t s  

So rbe n t  m a te r i a l s  p i ck up o i l  b y  two mechan i sms - - absorp-
t io n  ( b l o t t i ng or soa k i ng ) or adsorpt io n  ( s u r f ace a d h e s io n ) .  Th e 
u se o f  sorbe n t s  i s  not c o s t-e f f e c t i ve f o r  c l ea n i ng up l arge s p i l l s ; 
howeve r , they c a n  be a use f ul compl ement for spec i a l i z ed t a s k s  s uc h  
a s  p i c k i ng up o i l  i n  d i f f i c u l t pl aces and s e a l i ng booms . 

D .  Other  Method s 

A u n ique system f o r  conta i nmen t  o f  o c e an- f l oo r  seeps  h a s  b e e n  
used w i th l im i ted s ucc e s s . Unde rwa ter hoo d s  o r  t e n t s  have b e e n 
i ns ta l led on the ocean f l oo r  to co l l e c t  the seep o i l  and carry i t  
through f l e x i b l e  p i p ing to a s u i ta b l e  con ta i n e r  o r  s tr u c t u r e  o n  th e 
ocean s ur f a c e . Th e t e n t  center i s  h e l d  a l o f t  o f f  the o c e an bot tom 
wi th b uoys , a l l ow i ng the o i l/gas m i x t ure to m i g r a t e  toward the ten t 
a pe x  to wh i c h  the tran s fe r  hose i s  conne c ted . Th e t e n t  i s  s e c u r e l y  
la shed t o  a f r ame s l i g h t l y  l arger t h a n  t h e  t en t ' s  b a s e  d imen s i o n . 
The f r ame i s  mad e f rom p ip i ng , s u i tably v alved f o r  wa t e r  f l ood i ng 
or a i r  d i s pl a c emen t ,  a nd hence serve s  both a s  anchor o r  f lo ta t ion 
s ys tem , as  need ed . 

Seve ral new d ev e l opme n t s  i n  spi l l  con t a i nment  and re covery 
appe ar e ncourag i n g . O i l  emu l s ion s , known a s  " chocol a t e  mou s s e , "  
are v e ry v i scou s and d i f f i cu l t  to pump a f t e r  they a r e  co l l e c ted by 
a sk imme r .  A new proced ure to i n j e c t  emu l s io n-bre a k i ng chem i c a l s 
a t  the pump s ig n i f i c an tl y  d ecrease s the emu l s ion ' s  v i s c o s i ty ,  mak­
ing for e a s i e r  p ump i ng and sk imm i n g , and enhanced d own s tre am o i l  
and wa te r separa t i on . A s econd and more r e c e n t  d eve lopm e n t  i s  a 
chem i c a l  trea tme n t  proc e s s  d e s igned to p a r t i a l l y  sol i d i fy s p i l l e d  
crude  o i l , s o  t h a t  i t  c a n  b e  p i cked up l ike a rubber ma t .  

I I .  Tre a tmen t  

Wh i l e  conta i nm e n t  and recov e ry o f  spi l l ed o i l  prov i d e s  t h e  mo s t  
po s i t i ve contro l , the  empl oyme n t  o f  s uc h  me a s u re s  i s  no t a lways 
pos s ib l e . Na ture i t se l f  h a s  enormous c apa c i ty for d i spo s i ng o f  
hyd rocarbon s ,  and man c a n  h a s ten the p roce s s . 

I t  i s  we l l  known tha t many m i c roorga n i sms i n  both s a l i ne and 
f re sh wa te r s  have the capac i ty to d e g rad e hyd roc arbons by u s i ng 
them a s  food . I n  many c ir c ums tance s ,  the b e s t  trea tmen t  o f  a n  o i l  
sp i l l  wou l d  be the n a t ur a l  d i spe rs ion by wi nd s , wav e s ,  a nd c u r­
rent s , and s ubsequen t m i c rob i a l  d eg r ad a t io n . Due to t h e  n e c e s s i t y 
to prote c t  resou r c e s  from imme d i a te d am ag e s , t h i s  n a t u r a l  t r e a tm e n t  
frequen t l y  c anno t b e  used e x c ep t  whe n  preva i l ing w i n d s  a n d  c ur re n t s  
c arry the o i l  away f rom shorel i n e s  and ar e a s  of  h a b i t a t io n , r e c r e a­
t io n , and c omme rc e . As a r e s u l t ,  a var i e t y  o f  trea tme n t  me thod s 
h ave b e e n  deve l oped . Two o f  the mos t  e f fe c t iv e  me thod s , d i sper­
sants  a nd c ombu s t io n , are  d i s c u s s ed b e l ow . 

A .  D i sper s a n t s  

Many o f  the po te n t i a l ly adve rse e f fe c t s  o f  s p i l l ed o i l  c a n  b e  
a l lev i ated or mi n im i zed by the u s e  o f  chem i cal d i sp e r s a n t s . Br eak­
i ng the o i l  i n to sma l l  d ropl e t s  tha t d i sperse i n to the  wa t e r  acce l ­
e ra t e s  the we athe r i ng o f  tox i c  cons t i t u t e n t s  and o t h e rw i se a l t e r s  
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the prope r t i e s  o f  the o i l . In add i t io n , the movemen t  o f  an o i l  
s l i ck by the wind i s  s topped by d i spe rs i ng . 

Chem i cal d i spe r s a n t s  have been w i d e l y  u s e d  wo rldwide to control 
o i l  sp i l l s , b u t  to d a te h ave been us ed only spar i ng ly i n  the Un i te d  
S t ates , l arge l y  bec ause o f  the ir ad ve rse e f f e c t s  n o t e d  d u r ing the 
Torrey Canyon o i l  s p i l l . Damage d u r i ng tha t sp i l l  wa s c a u sed by 
improper use of h ig h ly tox i c  i nd u s t r i a l  c l eane r s . 8 , 9 Newe r 
d i spersan t s  have vern l ow to x i c i ty ,  and me thod s o f  appl i c a t ion a re 
now more e f fe c t ive . ! -1 3 

Pr ese n t  U . S .  po l i cy mand a t e s  that pr ior acceptance by the En­
v i ro nme n t a l  Pro te c t io n  Ag ency ( E PA )  of d i spersant  d a t a  i s  req u i re d  
be fore u s e  ex cept wh en , i n  the j ud gme n t  o f  t h e  On- S c en e  Coord i nator 
( OS C ) , the h a z ard to h uman l i fe or o f  f i re is  so imm in e n t  tha t the 
t ime d e l ay for obt a i n i ng an ac cepted d i spe r s a n t  wo u l d  be e x c e s s ive . 
Because there are n ow 1 8  products on the E PA d a t a-accepted l i s t , i t  
i s  un l ike ly that even und e r  ha z ardous cond i t io n s  the OSC wo u l d  use 
a d i spersant no t on that l i s t .  Approval for u se is  g ran ted on a 
c ase-by-c ase bas i s . Us e o f  d i spe rsants  for o th e r  than h a z a rd o u s  
cond i t io n s  mus t  h ave t h e  conc urrence o f  t h e  E PA repre s e n tat ive o r  
a l terna te repr e s e n t a t ive o n  the Re g i onal Re spo nse Te am ( RRT ) . Ev e n  
then , they a r e  to b e  used only when the E PA r epr es e n t a t ive d e te r­
mines tha t the l e a s t  overa l l  e n v i ronme n ta l  impac t w i l l  re s u l t  f ro m  
the i r  use , l 4  a nd record s  o f  use s a n d  e f fe c t s  mu s t  be ke pt . EPA 
and s tate agenc i e s  are n ow tak ing a mo re pos i t ive a t t i t ud e  toward s 
d i spersan ts than prev i o u sl y . S i nce there are a l arge n um ber o f  
e f fect ive prod uc t s  now ava i l able and me thod s o f  appl i c a t ion are 
prove n ,  the u s e  o f  s uc h  d i spe rsants has become one o f  the mo re 
ve rsa t i l e  and serv i c e ab l e  sp i l l -con trol me thod s , a nd i s  l ike ly to 
i ncrease in  the f u t u r e . 

Di spe rs a n t s  have been used rou t i n e ly i n  U . K .  o i l po r t s  and 
other are a s  for the rap id trea tment of sma l l  f lo a t ing s l i cks . For 
exampl e ,  they have been used in  Mi l fo rd Haven s i nce i t s i nc ep t i o n  
as an o i l  por t . The s e  tre a tmen t s  h e l p  red uce t h e  o i l i ng o f  ame n i ty 
be ache s ,  o ther shorel ines , a nd boats and o ther s truc ture s . At 
certa in t ime s o f  the ye ar they have he lped m i n im i z e  b i rd c a s ua l ­
t i e s . Th ere i s  n o  ev i d ence th a t  these u s e s  c a u s e  adve r s e  b io­
log ical e f fec t s . 

The re i s  a conse n s u s  tha t d i spe r s a n t s  c a n  be used i n  o f f shore 
o r  deep wa ters , b u t  sho u l d  not be used in shal low wa te r s  or on 
land . The rea son i ng beh i nd th i s  is tha t the d i spersan t/o i l  m i x t ure 
wo uld no t be d i l u ted q u i ckly e no ugh in shal l ow wa ter to prev e n t  
d amage ( e . g . , t o  s he l l f i sh bed s ) .  Al s o , d i spersed o i l  m i g h t  pen e­
trate mo re e a s i l y  i nto sed ime n t s . Th ese a s s ump t i on s  have never 
been f ul ly tes ted i n  f ie ld e xper iment s .  Howeve r ,  e xper ime n ts t o  
compare chem i cal ly d i spe rsed o i l  wi th un trea ted o i l  we r e  recently 
cond ucted ( a l though the re s ul t s  have not  ye t been r e l e a se d ) i n  th e 
Canad i an Ar c t i c l 5  a nd i n  a Ma ine cove . Th ese pro j e c ts we re de­
s igned to use d i spe rsed o i l  concen tra t ions s im i l ar to those found 
und e r  a c t ua l  rese arch t e s t  s p i l ls . l 6  Bo th te s t s  wi l l  d e term i ne 
whe ther d i spersed o i l  u s ed in  shallow i n l e t s  w i th s and o r  mud bo t­
toms are ul t ima te ly more d amag i ng than l e av i ng the o i l a l one , a nd 
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w i l l  me as ure the tox i c i t ie s  o f  o i l  to i n te r t id a l  and s ub t i d a l  o r­
g an i sms . Al so , a s e r i e s  o f  l i ttoral a nd s ub l i t toral f i e ld exper i ­
men t s  h ave b e e n  i n i t i a ted i n  t h e  Un i te d  K i ngdom a n d  prel imina ry 
r e s ul ts have been repo rted . l 7  

Th e d i spe r s a n t s  pr e s e n t l y  ava i l ab l e  may b e  broad ly c l a s s i f ied 
as  wa te r based o r  organ i c  solvent base d . As a g e n e r a l  r ul e , the 
l atter are e f fe c t iv e  over a wider range o f  cond i t io n s  a nd pe trol e um 
prod ucts , but tend to b e  more tox i c  and e xh ib i t  l ower f l as h-po i n t s . 
Th us they r eq u i r e  somewh a t  g reater c are i n  hand l i ng and appl i c a t i o n  
than the i r  wa te r-b a s ed counterpart s ,  and a r e  rare ly u s ed tod ay . 

Di spe r s a n t s  general ly are app l ied by s praying f rom ve s se l s  or 
a ircraf t ,  in conce n tr a t i o n s  rang i ng from 1 : 5 to 1 : 5 0 ( d i spe rsan t : 
o i l ) . I f  the chem i c a l s  are proper ly appl ied , the res u l t i ng ben e ­
f i ts i n c l u d e  a rap id d i l u t io n  and downwa rd m i x i ng o f  the  o i l , r e­
d uc t ion i n  adhe s io n , and acce l e ra ted wea t he r ing . 

1 .  Moveme n t  and D i l u t ion o f  D i spe r s ed O i l  

An important advantage o f  d i spe rs ion i s  rapid d i l u t ion and 
downward m i x i ng i n  ne a r-s urfac e  wa ters . l 8 , 1 9 Th i s  remove s th e 
o i l from mo s t  o f  the w i nd ' s  i n f l uence so i t  does  no t trave l a s  
f a r  o r  as  qu i ckly a s  s ur f ace s l i ck s . Dur i ng a Gul f  o f  Me x i co 
we l l  blowo u t , c hem i cal  d i spe r s a n ts we re spr ayed on the pl a t f o rm 
and s u rround ing wa te r . 2 0  The d i spersed o i l  p l ume wa s observabl e 
only 1 to 1 . 5  m i l e s  from the spi l l  s i te , wh ereas u n tr e a ted s ur fa c e  
s l i cks e x te nd ed s i x t o  n in e  m i l e s  o n  mo s t  d ay s  and a s  f ar a s  5 0  
m i l e s  o n  two occas ions . Oi l that does  not trav e l  far  i s  l e s s  
l i ke l y  t o  s trand o n  beache s , impac t av i an spec i e s , o r  inter f er e  
w i th commerc ial and s po r t  f i s h i ng . 

2 .  Red u c t io n  o f  O i l  Ad hes ion 

No rmal ly , o i l s  ad here to almo s t  all so l id s u r f a ce s . Di spe rsed 
o i l  d ropl e t s  do not s t i ck to each othe r , h oweve r ,  nor to mos t  sol i d  
s ur fac es . Th i s  i nc l u d e s  s uspend ed m i neral par t i c l e s , 2 1  t he r eby 
decrea s i ng the amo un t  of o i l  that s i nks . Th i s  mechan i sm c an be 
par t i c u l ar l y  e f fe c t ive whe n  d i spe rsed o i l  encounte r s  turbid  wa te r , 
s uch a s  f rom some r iver s . Wi thout emu l s i f i c a t ion the  o i l co u ld b e  
carr ied downwa rd i n  t h e  wa ter column b y  sed ime n t  par t i c le s  and 
concentrate in sed ime n t s  beneath the zone o f  m i x ing . 2 2  

Chem i c a l l y  d i sper s ed o i l  f rom a nea r-shore s p i l l ,  sho u l d  i t  
e nte r the intert id al zone , should hav e l e s s  tend e n c y  than un trea ted 
o i l to adhere to s and , ro cks , and mar ine p l a n t s  and an imal s .  Th i s  
wou l d  mi n im i ze the smo the r ing o f  i n te r t id al mar i ne l i fe tha t has  
occurred wi th nond i spe r sed , partly we a thered c r ud e  o i l  and v i s c ou s 
bunker C o i l . 

Red uced adh e s ion should a l so l e s s e n  the adve rse e f f e c t s  o f  o i l  
o n  sea b i rds i f  they encoun ter i t  a s  a n  emul s io n  p l um e . F u r th e r , 
the smal l e r  aereal e x t e n t  o f  an emu l s io n  pl ume compared w i th that 
of the same oil  a s  a s l i ck should l e s sen the opport un i ty for b i rd s  
to be o i l ed . 
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3 .  Acce l e ra t ion o f  We a th e r i ng and B i od e g rad a t ion 

The fo rma t ion o f  sma l l  oil  d ropl e t s  r e s u l t s  i n  a l arge s u r f ac e ­
to-vol ume ra t io , acc e l e r a t i ng evapora t io n , so l u t io n , a n d  b i o­
d eg rad a t ion . Th e s e  sma l l  d ropl e t s  lose vol a t i l e  hyd rocarbon s more 
rap id ly than some s l i ck s , there by reduc i ng the tox i c i ty of o i l  tha t 
org an i sms may come i n to conta c t  wi th o r  ing e s t .  

Conc entrat ions o f  chem i c a l ly d i spe rsed o i l  i n  o f f shore wa ters  
are  typ ic a l ly f rom 1 to 6 0  ppm , and in  a few hour s •  t ime , d i l u te to 
near-b ackg ro und concen tratio n s . 2 3  Th ese are l owe r than amo u n t s  
obse rved t o  c a u s e  adv e r s e  b iolog ical  e f f e c t s  i n  l abora tory b i o­
a s says . 

Th e increased s u r f ace area a l so a id s  bac ter i a l  b iodeg rad a t io n , 
wh ich oc c ur s  a t  the o i l/wa ter i n te r f ac e . 2 4  The movemen t  o f  emu l ­
s ion d ropl e t s  through t h e  wa ter a l so make s oxyg en a n d  n u t r i e n t s  
more read i ly ava i l ab l e  t o  m i c roorgan i sms . Th i s  acce l e r a ted 
we a ther ing q u i ck l y  red u c e s  the tox i c i ty of o i l  i n  the d i spe r s ed 
d rople t s . 2 5 , 2 6  

B .  Combus t io n  

De s t royi ng o i l s l i ck s  b y  c ombu s t ion has  b e e n  a t temp ted w i th 
l i ttl e repo rted s uc ce s s . In some cas e s , i g n i t i on i n  the e a r l y  
per iod s o f  an o i l  s p i l l  i s  no t d e s i r able b e c a u s e  o f  d an g e r  to both 
pe rsonnel and prope r ty . Af t e r  we athe r i ng on the o c e an s u r face , 
crude o i l  vol a t i l e  f r a c t ions are los t and the s l i ck i s  th i nned , 
mak i ng ig n i t io n  and con t i nuous  burn ing d i f f i c u l t ,  i f  no t impo s­
s i bl e . To con t i nue b u r n i n g , enough hea t mu s t  be g e n e r a ted to kee p 
the o i l  a t  i t s  ig n i t i o n  tempe r ature . 

In o rd e r  to burn  an o i l  s l i ck d e f i c ie n t  i n  vol a t i l e s  and too 
thin  to ma i n ta i n  c ombu s t io n , the use  of a w i c k i n g  ma t e r i a l  co n­
t a i n ing a combu s t ion pr omo te r has bee n s ug g e s ted . Th e r e  have been 
repor ted s ucce s s e s  o f  some s uch d e v i ce s , b u t  none on a l a rg e - s c al e 
s p i l l .  The po s s i b i l i ty o f  s u s ta i n ing b u r n i ng to comp l e t io n  by w i ck 
act ion o f  ma ter i a l s  s pre ad on a sea s l i ck sho uld no t be overlooke d , 
but  the very d e f i n i te d ang e r s  and uncerta i n t i e s  m u s t  be care f ul l y  
eva l ua ted be fore s uc h  a proc e s s  i s  a t tempted on a maj or sp i l l . 

I f  cond i t ions  and c i rc ums tance s a l l ow i t ,  the b u rn i ng o f  o i l 
s t i l l  conta ined in  a s tr icken ve s s e l  can be very e f f e c t i v e  i n  
red uc ing the amo unt o f  o i l  s p i l l ed in  the sea . 

CONT INGENC Y PLANN ING FOR RES PONS E TO O I L  S P I LLS 

Th e purpo s e  of a con t i ng ency p l an is to prov ide d i r e c t io n  and 
in forma t ion for hand l i ng o i l  s p i l l s  when they o c c u r  a t  a f ac i l i ty . 
The e s se n t i a l  con t i ng e ncy e l ements o f  e f f e c t i v e  o i l  sp i l l  c l e anup 
incl ud e : a f l e x i bl e , d e ta i led , and preconce ived plan for a c t ion to 
cl ean up the o i l ; a n  org an i z a t ion cons i s t i ng of pe rsonne l , e qu ip­
men t , and s uppl i e s  to implement the pl a n ; and a no t i f i c a t i o n  s y s te m  
t o  act ivate the pl an wh e n  a n  o i l  sp i l l  oc c u r s . 
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Wi th i n  the pe tro l e um i nd u s try , c on t i ng ency p l an n i ng f o r  re­
sponse to o i l  sp i l l s has re ached an ad vanced s ta te due to the i n­
te rest  o f  the i n d u s t ry i ts e l f  as  we l l  as  impetus  s uppl ied by the 
var ious f e d e ra l , s tate , and local reg u l a tory bod i e s  w i th re l a te d  
i n tere s t s . Ea ch o i l  c ompany has spec i f i c  c on t i ngency p l an s  f o r  i t s  
f ac i l i t ie s  wh i ch h ave a po te n t i al t o  d i s charge t o  t h e  env i ronmen t .  
Each pl an s ho u l d  inc l ud e  no t i f i c a t i o n  and a l e r t i ng proced ure s , r e­
por t i ng requ i remen t s , plant l ayou t  and opera t ions , equ i pme n t  i n­
ven tor i e s , wa ste d i spo s a l  pl ans , tra i n i ng proced u r e s , a nd a sp i l l  
response te am organ i za t ion that d e l eg a te s  coord i n a t io n , equ i pmen t 
manageme n t , d amage a s s e ssme n t ,  c ommun i c a t ions , p ub l i c  re l a t io n s , 
and env i ro nme ntal mi t ig a t i o n  re spo n s i b i l i t i e s  to spe c i f i c 
i nd ividual s .  

Tra in ing , o r i e n t a t ion , and mo t ivat ion o f  personne l are i m­
portan t fo r e f fe c t ive impl eme ntat ion o f  a con t i ng e ncy p l an . Th e 
s upervi sory per sonne l  impl ement i ng the plan m u s t  be tra i ned to 
e f fe c t i ve ly ev a l u a te the chang i ng s i tua t i o n  a t  the c l e an up s c ene 
and make the be s t  d e c i s ions to d i rect  the c l e anup ope ra t io n . 

I t  i s  impo r tant tha t a sp i l l  con t i ng e n cy plan and organ i za t ion 
recog n i ze how the pl an f i t s  i n to the Na tional Re spo nse Me chan i sm .  
The fed e r a l  sp i l l  re sponse me chan i sm i n  the Un i ted S ta te s  i s  d e ­
s ig ned to d i scover sp i l l s  through s urve i l l ance , prov ide f o r  t ime ly 
no t i f ica t io n  of a l l  those charged wi th re s pons i b i l i t ie s  to e va l uate 
the s i t u a t ion , i n i t i ate immed i ate conta inment ac t io n s  and c o u n te r­
me asure s , and prov ide for c l e anup , m i t igat ion , and d i spos a l  sho uld 
the d i scharg e r  be unknown or be  i nad equa te to  the  task . 

I n  pl ace and ope r a t i ve are the Na tional  Co n t i ng ency Pl an , t wo 
i n terna t i onal  cont i ng ency plans  ( on e  w i th Canad a and one w i th 
Me x i co ) , reg ional and local contingency plans , a c ad re o f  pre­
d e s igna ted OSCs f rom E PA and the u . s .  Coas t Guard , a Na t iona l 
Re sponse Te am ( N RT ) , a nd RRTs to prov ide ad v i c e  and a s s i s t ance to 
the OSC . The Na t io n a l  Con t i ng ency Pl an i s  be ing upd a ted and a 
rev i sed ve r s i o n  sho u l d  be ava i l ab le i n  1 9 8 2 .  

The Na t i onal Co n t i ng e ncy Pl an " prov i d e s  f o r  a pa ttern o f  co­
ord ina ted and i n teg ra ted respon ses by Depar tmen t s  and Ag enc i e s  o f  
the Fed e ral Governmen t  to pro te c t  the env i ro nme n t  from the d amag i ng 
e f fe c t s  o f  pol l u t io n  d i scharge s . "  In the Un i te d  S t a te s , the Coa s t  
Guard i s  charged w i th prov i d ing the pre-d es i g n ated OSC i n  coa s t a l  
reg ions and E PA h a s  t h a t  respons i b i l i ty i n  i n l and re g i on s . The OS C 
has compl e te federal respo ns i b i l i ty f o r  o n- s c ene a c t io n s  to pre­
ven t , con ta i n , a s s ure c l e an up o f , or otherwise m i t i g a te sp i l l s  o f  
o il tha t a f f e c t , o r  threaten to a f fec t , U . S .  wa te r s . Re g ional 
con t i ng e n cy plans d e l i ne a te the e x ac t bound ar i e s  of  e ac h  OS C s o  
there i s  abs o l u te l y  n o  que s t ion about wh o has the f e d e r a l  re s pon­
s i b i l i ty in  the s e  ma tter s . Th e OSCs ma i n t a i n  l i brar i e s  of p ubl i­
c at io n s  fo r r e f e rence , a g roup of we l l - t r a i ned pe rsonnel  to re spo nd 
to sp i l l s  o r  thre a t s  o f  s p i l l s , and s ubreg ional pl an s , w i th i n ven­
tor ie s  o f  c r i t i c al wa ter-u se areas , d r i nk i ng wa te r in take s , po ten­
t ia l  pol l u t ion source s , known env ironme n tal ly sen s i t i ve areas , 
s c ien t i f i c  commun i t i e s , local  conta c t  po i n t s , a nd c l eanup contr ac­
tor s and equ i pmen t .  Other components of the p l an are l i s ted i n  
Tabl e 7 4 .  
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TABLE 7 4  

C omponents of the N ational Contingency P l an 

Regional Response Team 

Nat ional Response Team 

National Strike Force 

Environmental Re sponse Team 

Scient i f ic Support Coordinator 

and team ( EPA or NOAA ) 

I .  O i l  S p i l l  Coope r a t ives 2 7  

Conduct pre- plann i n g ,  prepare Regional 

Continge ncy P l ans and pr ov i de the federal 

OSC with advice a nd a s s i stance dur i ng a 

po l lution incide nt or thr eat of pol­

lut ion . 

Perform f un ct ions of RRT a t  nat iona l  

level ; c oordinate natio nal and i nter­

national contingency plans ; provide l arge 

scale resources . 

Prov ide commun ications support , advic e , 

containment , c leanup , mit i gat ion a s­

si stance , a nd knowledge and expe rtise in 

ship s alvage , damage control , diving , and 

removal technique s .  

Advise the OSC o n  e nvironmental i s sue s  

related to spill containment , di s pers ant 

appl ication , c le anup , and damage a s­

ses sment . 

Provide scient i f ic a s s i stance inc luding 

oceanogr aphy , chemi stry , l ocatio n  of en­

vironmentally sens i t ive area s , a s s e s sment 

of environme ntal damage , and coordi n ation 

of on- scene scient i f ic act ivity . 

Oi l sp i l l  coope r a t i v e s  are en t i t i e s  formed by two o r  mo re 
compa n i e s  for the p urpo s e  of prov id i ng a s tand by poo l  o f  m u t u a l l y  
owned equ i pmen t  and/or manpowe r to comba t o i l  sp i l l s . Coope r a t i v e s  
are n o t  a l ways chartere d , s ta f fed , o r  ope rated t h e  s ame way 
throug ho u t  the coun try . Ra the r , they are ta i l ored to f i t  the n e e d s  
of t h e  member s .  The operat ions o f  a cooperat i ve i nc l ud e  keep i ng 
equ ipmen t  and t r a i n i ng current and , i n  some c a se s ,  s uperv i s i ng 
member compan ie s '  employee s when engaged i n  c l e a n up opera t ions . 
Pe r iod i c  d r i l l s are nece s sa ry to as s ure that  the coope r a t i v e  can be 
ac t iva ted e f fe c t ive ly . There are more than 9 0  we l l -recog n i zed o i l  
sp i l l  co-ops serv i ng the 5 0  s ta te s  ( F i gure 1 0 3 ) . 

QUANT I F ICAT ION OF O I L  I N  THE ENVIRONMENT 

I .  Sources 

Fo r m i l l ions  o f  ye ars pe t ro l e um h a s  been a n a t ural compo n e n t  i n  
the e nv i ronme n t . Ma r ine o i l  seeps are qu i te c ommo n thro ug h o u t  the 
world , as are seeps on l and . Th ro ughout recen t geo l og i c a l  t ime , 

4 9 3  



""" 
� 
""" 

�-cP- -"'­
"" · � "" "" "- - ----" 

HAWAIIAN ISLANDS 

I WYnun.,,.. j SOUTH DAKOTA 

NEBRASKA 

KANSAS 

TEXAS 

Fig u re 1 03 .  Locat ions of U .S . O i l  S p i l l  Coope ratives. 

SOURCE: American Petroleum I nstitute, Oil Spill Co-op Directory, Apri l  1 980.  



e ros ion o f  upl i f ted sed ime n t s  and breac hed pe trol e um r e s e rv o i r s  
have con t r i buted h yd roc arbons con t inuous ly t o  the  env i ro nme n t . 
Probab ly l arg e r  amoun t s  h ave been ad ded by p l an t s  and an ima l s . 
S i nce the d i scove ry o f  p e t ro l e um and i t s i nc r e a sed transpor t a t io n  
a nd usag e , man h a s  contr i b u te d  i n c re a s i ng amoun ts o f  pe t ro l e um to 
the e nv i ro nmen t .  Na t ur a l  proce s se s  d e s troy a t  l e a s t  the  ma j o r  
po r t i o n s  o f  hyd ro c a rbons contr ib uted f rom the v a r i o u s  so u r c e s .  I f  
t h i s  we re not so , the s e a s  wo uld be cove red w i th a l aye r o f  o i l . 

The u.s. Na t io n a l  Ac ad emy o f  Sc i e nce s ( NA S ) ,  i n  a l andmark 
s t ud y  o n  pe tro l e um po l l u t io n  pub l i shed i n  1 9 7 5 ,  e s t imated t h a t  
abou t 6 m i l l ion me tr i c  t o n s  per ye ar o f  pe t ro l e um e n t ered t h e  
wo rld ' s  ocean s . 2 8  Th i s  amo u n t  i s  b a s e d  on care f u l  e s t im a t e s  o f  
the i np u t  o f  pe t ro l e um i n to the oceans f rom var i o u s  so urce s , a s  
shown i n  Tab l e  7 5 .  Th e r e  i s  a l a ck o f  re l i a b l e  d a ta f o r  some o f  
the se e s t ima te s . Howeve r ,  even for tho s e  e s t ima t e s  b a s ed on ad e ­
qua te d a t a , annual d a ta can vary g re a tly f r om t h e  averag e s  s hown i n  
Tabl e 7 5 .  The NAS rec e n t l y  c omm i s s ioned a s t ud y  to upd a te the 1 9 7 5  
repo r t , d raw i ng upo n the s ub s tan t i a l  amoun t o f  new i n f o rm a t i o n  and 
exper i e nce g a i ned s i nce tha t t ime ; the s t ud y  i s  e xpec ted to be 
pub l i shed in  1 9 8 3 .  

Of the approx ima t e l y  6 m i l l ion me tr i c  ton s  o f  pe trole um e n te r­
i ng the oceans e ach ye ar , ove r 4 0  percent is  i n  r u no f f  f rom c i t i e s , 
r i vers , and coa s tal  f ac i l i t ie s .  Abo u t  on e-th i rd ar i se s  f rom no rma l 
tanke r ope r a t i o n s  and other transpo r ta t io n  a c t iv i t i e s . Ta nker and 
nontanker acc id e n t s  con t r i bute abou t 5 percen t .  Of f s hore prod u c­
t ion ( i n c l ud i ng sp i l l s ) con tr i b u t e s  1 p e r c e n t , and n a t u r a l  s e epag e 
and a tmos ph e r i c  f a l l ou t  e a c h  con tr i b ute 1 0  percen t .  De t a i l s  o n  
e ach o f  the se sour c e s  a nd some o f  t h e  pe r t u rb a t i on s  fo l low . 

A .  Urban Runo f f  

The NAS e s t ima te o f  0 . 3  m i l l ion me tr i c  tons p e r  ann um ( MTA ) 
f rom urban s torm d r a i n ag e wa s ba sed upo n  a n a l y s i s  o f  wa t e r s  f r om 
southern Cal i forn i a ; 2 9 , 3 0 wa ters  f rom urban are a s  around Jama i c a  
Bay , Ne w Yo rk ; 3 1  a nd r e s u l t s  from Stockholm , Swe d e n . 3 2  

In the 1 9 7 3  s ou th e r n  C a l i fo r n i a  e s t im a te s , pe t ro l e um wa s as­
s umed to cons t i t u t e  7 5  percent o f  the h yd rocarbons i n  urban r unof f . 
A 1 9 8 1  s t ud y o f  the e x trac tab l e  org a n i c  ma t t e r  i n  urban s t o rm wa ter 
runo f f  in the Los Ang e l e s  ba s i n s ub s t an t i a t e s  the 1 9 7 5  NA S e s t i­
ma te . 3 3  Th i s  study found tha t the Lo s Ang e l e s  River , wh i c h  
d ra i n s  only 2 0  perc e n t  o f  Lo s  Ang e l e s  Co un ty , con t r i b u t ed about 
1 percent o f  the  annual wo rld petro l e um hyd roc arbon i np u t  to the 
ocean v i a  urban r unof f .  Hyd rocarbons con s t i t u ted approx ima t e l y  6 0  
perce n t  o f  the to tal so lve n t-e x t rac tab l e  organ i c s  i n  Lo s Ang e l e s  
River s to rm wa t er s . Abou t 9 5  p e rc e n t  o f  t h e s e  h yd ro c a rbon s were 
a sso c i a te d  w i th pa r t i c u l ate m a t te r  and we r e  pr ima r i l y d e r i v e d  f rom 
pe t role um re s id ue s . 

Among the probable  s o u rc e s  o f  h yd roc a rbon s i n  t h e  Lo s Ang e l es 
Rive r ba s i n  are  ve h i c u l ar exhaus t par t i c l e s ; d i s c ard ed l ub r i c a t i ng 
o i l s ; a tmos ph e r i c  f a l l o u t  ( ra i n a nd d ry ;  e . g . , fore s t  f i re s , com­
bus t i on of  fo s s i l  f u e l s , a nd transpo rt o f  b io-o rg a n i c s  by the  
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TABLE 7 5  

S ource s  of P etroleum Entering the Oceans* 

Mi l l io ns 

of MTAt 

Percentage 

o f  Total 

Urban Runoff 

River Runoff 

Coa s tal Fac i lities ( e . g. ,  sewage plant s , 

ref ineries ) 

Transportatio n  

Load- On-Top ( LOT )  Pro cedures 

Non- LOT Pr ocedures 

Dry Do cking 

T e rminal Ope r ations 

B i l ge s  and Bunkering 

Tanker Acc i dents 

N ontanker Accidents 

O f f shore Production 

Natural Seepage 

Atmospheric Fal lout 

0 . 3  5 

1 .  6 2 6  

0 . 8  1 3  

0 . 3 1  5 

o .  7 7  1 3  

0 . 2 5 4 

0 . 0 0 3 0 . 2  

0 . 5  8 

0 . 2  3 

0 .  1 2 

0 . 0 8 

0 . 6  1 0  

0 . 6  1 0  

6 . 1 1 3 1 0 0  

* Source o f  data : Nat ional Academy of Science s ,  P e trol eum i n  

the Marine E nvironment , 1 9 7 5 ;  based on 1 9 7 3  e s t imates . Updated 

estima tes are expected to be published by the National Academy of 

Sciences in 1 9 83 . 

tMTA = me tric tons per annum . 

4 4  

3 0  

w i nd s ) ; sp i l l ag e  o f  c r ud e  o i l  and re f i ned pe t role um p rod uc t s  d ur i ng 
prod uc t io n , proc es s i ng , a nd tran spo rta t io n ; l eached or e rod ed pave­
men t ; n a t ur a l  b iogen i c  s o u r c e s  o n  l an d ; and e ro s io n  o f  organ i c­
bear ing sed imen tary rocks . 

B .  River Ru no f f  

Input from r i v e r s , e st ima ted to b e  the l a rg e s t  s i ng l e  source o f  
pe tro l e um h yd roc arbon s ,  i s  poo r l y  d oc umen ted . Th e NAS e s t ima te o f  
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1 . 6  MTA wa s d e te rm i ned from s ed iments  d i scharged f rom the M i s s i s­
s i pp i River and i n  San Franc i sco Bay . Th e M i s s i s s i pp i was taken a s  
representat ive o f  a l l  u . s . r ivers , and i ts me an sed ime n t  l o ad wa s 
used to c a l c ul a te the total h yd roc arbo n d i s charge for the Un i te d  
State s . Th i s  e s t imate wa s t h e n  mu l t i pl ied b y  three , t he r a t io o f  
wor ld to U . S .  pe t ro l e um u t i l i z a t io n , t o  obta i n  the e s t imate o f  
wo rld input from r iv e r s . 

C . Coastal F a c i l i t i e s  

I n  1 9 7 3 , coa s t a l  re f i ne r ie s  we re e s t imated t o  c o n tr i b u te 0 . 2 
MTA . Th i s  amo unt sho u ld be shr i nk ing , par t i c u l ar l y  i n  the Un i te d  
States , d ue to trend s towa rd recyc l i ng o f  c oo l i ng wa te r , i nc re a sed 
a i r  cool ing , and more e f f i c i en t  o i l remova l f rom e f f l uents . 

Coa s t a l  mun i c i pa l  wa s te s  ( sewag e ) and coa s t a l  nonre f i n e ry i n­
d u s t r ial wa s te s  we re e s t ima ted to contr i b u te 0 . 3  MTA e ac h . Be tter 
con trol o f  the se e f f l uents  should red uce the i r  q u an t i t ie s  somewha t .  
Any such improveme n t s  pr e s umably wo uld a l so d e c rease  the inputs  
from r iver runof f .  

D .  Tanker and Term i na l  Ope rat i o ns 

Th e 1 9 7 3  NA S report e s t imated that tanker ope r a t ions con tr i­
buted 1 . 8 3 3 MTA ,  o r  abou t  30  perce n t  o f  the to tal . Of  the to ta l , 
0 . 3 1 MTA re s ul ted from tankers u s i ng l oa d -o n-top ( LO T )  proc e d u re s , 
i f  i t  wa s a s s umed that 8 0  percent o f  the tanke r s  used LOT proce­
d ure s and tha t LOT red uced po te n t i a l  d i s c h arge s by 9 0  pe rcen t . 
Di scharge s from non- LOT t anke rs we re e s t imated a t  0 . 7 7 MTA .  Di s­
charge s pr ior to d ry d o c k i ng were e s t ima ted a t  abo u t  0 . 2 5  MTA .  
Te rm inal operat ions d i scharg e s  we re e s t imated to con t r i b u te 0 . 0 0 3 
MTA , and b i lg e s  and bunker ing 0 . 5  MTA . 

1 .  Tanker Acc i d e n t s  

To tal s p i l l age from ye ar t o  ye ar var i e s  w i d e ly , depend ing upo n  
the occurrence of ma j o r a c c idents . The NAS e st ima ted 0 . 2  MTA i n  
1 9 7 3  and pred i c ted d e c reased sp i l l age f rom a c c i d e n t s  d ue to new 
sh ips wi th improved nav iga t i onal and commu n i c a t ion a id s . Th a t  
report a l so pred i c ted that  improved mar ine ve s s e l  tra f f ic s y s tems 
sho u l d  reduce sh i p  col l i s ions near po rts . Re c e n t  ev idence h a s  
shown t h a t  th i s  red u c t ion has no t occ urred . Quan t i t ie s  sp i l l ed in  
1 9 7 8 , 1 9 7 9 ,  a nd 1 9 8 0  we re 0 . 7 , 1 . 1 , a nd 0 . 5  m i l l i o n  tons , r e s pe c­
t ively . 3 4  Of ten , a s i ng l e  l arge sp i l l  contr i bu t e s  a s ig n i f i c a n t  
percen tag e of t h e  to ta l . A b r i e f  d e s c r ip t i o n  o f  three s u c h  sp i l l s  
fo l l ows . 

a .  Torrey C a nyon 

On Mar c h  1 8 ,  1 9 6 7 ,  the tanker Torrey Canyon , loaded w i th 
1 1 9 , 0 0 0 tons of Ku wa i t c rud e o i l , r an ag ro u nd on the Seven S tones  
Ree f  o f f  the  southwe s t  coa s t  of  Eng l and . In i t i al ly , 3 0 , 0 0 0  tons o f  
c rude o i l  e s c aped to the s e a . Du r i ng the n e x t  seven d ays , another 
2 0 , 0 0 0  tons we re l os t .  On Marc h 2 6 ,  the Torrey C a nyon broke up 

4 9 7  



d u r ing s a l vage ope r a t ions and re l e ased approx i m a t e l y  5 0 , 0 0 0 tons . 
Th u s  abou t 1 0 0 , 0 0 0  ton s i n  to t a l  o f  c r u d e  o i l  were s p i l l ed i n t o  
the s e a . 

b .  Amoco C a d 1 z  

Th e Li b e r i a n  tanke r Amoco C ad i z ,  wh i c h  had a l oad c apa c i ty o f  
2 3 3 , 6 9 0  tons , l o s t  s te e r i ng i n  a s to rm o n  Marc h 1 6 ,  1 9 7 8 ,  o f f  the 
Br i t tany c oa s t . Af t e r  d r i f t i ng for 1 2  h o ur s , the tanker s tr u ck 
rocks approx ima t e l y  1 . 5  k i lome ters of f Por t s a l l ,  Franc e , and 
s ho r t l y  b eg a n  to sp i l l o i l . Ev en tua l l y  the e n t i re l o ad o f  2 2 3 , 1 3 0 
ton s  o f  Arab i a n  L i g h t  and Iran ian L i g h t  c r ud e  o i l  p l u s  4 , 0 0 0  ton s 
o f  bunke r f u e l  o i l  we re l o s t . Strong we s te r l y  w i nd s  pushed the 
sp i l led h yd roca rbons to the e as t .  Even tual l y  ove r 3 9 0  k i lome ter s 
a long the no rthwe s t e r n  coa s t  o f  France we re contam i n a ted by the 
s p i l l ed o i l . 

c .  A t l ant i c  Emp r e s s  

Th e col l i s ion o f  t h e  At l a n t i c  Empre s s  a n d  t h e  Aeg e an C ap t a i n  i n  
the Car ibbean Sea i n  1 9 7 9  i l l u s tr a t e s  the f a c t  tha t a ma j o r  s p i l l  
n eed not r e s ul t i n  s ig n i f i c an t  harm to the env i ro nmen t .  Eve n  
though th e Atl a n t i c  Empre s s  eventu a l ly sank , a n d  h e r  e n t i re c argo 
of 2 7 6 , 0 0 0 ton s of c rud e o i l  wa s l os t ,  no h a rmf ul po l l u t io n  re­
s u l ted . Th i s  for t u n a te re s u l t  was bro ugh t about by a coord i n a te d  
response e f fort fo l low i ng the col l i s ion , corre c t  d e c i s io n s  r eg ard­
i ng a towi ng course for the s tr i cken ve s s e l  and l e t t i ng the f ir e  
con t i nue to con s ume n e a r l y  a l l  o f  the o i l , p l u s  c o n s i d er a b l e  
a s s i s tance f rom n a t ur a l  force s . 

2 .  Non tanke r Acc idents  

Al though there are abou t n i ne t im e s  a s  many nontanke r s  as  
tanker s , mos t  o f  the  fo rme r are much sma l l e r  and  norma l l y  c arry 
only b unke r fue l . Th ey a r e  e s t ima ted to  l o s e  0 . 1  MTA by c ol l i s ion 
or s i n k i ng . Al though n av ig a t ion f ac i l i t ie s  s ho u ld be i mp ro ved , 
l i ttl e change i s  expec ted i n  th i s  e s t imate a s  h uman error rema i n s  
the m a j o r  f ac to r . 

E .  Of f shore P rod u c t ion 

The worldwide  i np u t  o f  o i l  to  the oceans f rom o f f shore d r i l l ing 
a nd pr od u c t ion ope r a t i o n s  wa s e s t ima ted by the NAS in 1 9 7 5  t o  be 
0 . 0 8  MTA . Of tha t amoun t ,  0 . 0 2 MTA wa s e s t imated to be f rom m i no r  
s p i l l s a nd d i s c h a rg e  o f  o i l f i e l d  br i n e s  d u r ing norm a l  d r i l l i ng and 
prod uc t io n . As o f f s hore o i l prod uc t ion i nc r e a se s worldw id e ,  t he s e  
normal  d i scharg e s wi l l  probably i n c rease  propo r t io n a t e l y . 

Fou r  e l eme n t s  have been i d en t i f ied a s  ne c e s s a ry for s a fe d r i l l­
i ng ope ra t ion s : we l l  tra i ned , e xpe r i e nced per so n n e l  a t  the r i g ;  
g ood equ i pment ; a d equa te eme rgency tra i n ing ; a nd a company repre­
s e n t a t i ve c apab l e  o f  mak i ng d e c i s io n s  on s i te whe n  d i f f i c u l t i e s  are 
e nc ou n tered . 
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l .  B l owo u t s 

Bl owo u t s  d u r i ng d r i l l i ng operat i o n s  h ave h i s to r i c a l ly b e e n  
rare . In the 1 9 7 1 - 1 9 7 8 per iod there we re no o i l  we l l  blowo u t s  i n  
the u . s .  Ou ter Cont i n e n t a l  She l f ( OC S ) and Al aska d ur ing d r i l l ing 
of explora to ry we l l s . Dur i ng the s ame per iod , three blowo u t s  
occ urred d ur i ng prod uc t io n  ope r a t ions w i th a to ta l s p i l l ag e  o f  7 2 5  
barre l s . There h ave b e e n  some i nc i d e n t s  o f  ma j or s p i l l s  d ur i n g  
p rod u c t io n  ope r a t ions , s uc h  as  the Ix toc- I b lowo u t  i n  the B a y  o f  
Campeche , Me x ic o  ( 1 9 7 9 ) ,  and the Santa Barb a r a  Channe l blowou t 
( 1 9 6 9 ) . 

a .  I x toc- I B lowo u t  

On J u n e  3 ,  1 9 7 9 ,  the Ix toc- I we l l  b l ew o u t  i n  the Bay o f  
Campe che , Me x ico . S t udy o f  th i s  blowo u t  reve a l ed tha t mud s u p­
pl i e s , a c r i t i c al s a f e ty compo nen t , we re in s h o r t  s upply on the 
r i g .  Inad equate equ i pmen t and i n e xpe r i e n c e d  per sonne l we re a l s o  
found to b e  f a c to r s  i n  the inc id e n t , a l l  prerequ i s i te s  f o r  s a f e  
d r i l l ing . Be fore t h e  we l l  wa s c apped o n  March 2 3 ,  1 9 8 0 ,  approx i ­
m a t e l y  5 3 0 , 0 0 0  t o n s  o f  o i l  we re sp i l led , the l ar g e s t  s p i l l  i n to the 
mar i n e  e nv i ro nmen t  ever doc umen te d . 

b .  S a nta B a rbara B lowo u t  

On Jan ua ry 2 8 ,  1 9 6 9 ,  d ur i ng norma l d eve lopmen t  o f  a p ro s pe c t i ve 
pe trol e um-bea r i ng o i l  poo l  on the Rincon s t r u c t u r a l  trend about 6 . 5  
m i l e s  southe a s t  o f  Santa Barbar a , Cal i forn i a , a g a s  b l owo u t  occ u r­
red d ur ing compl e t io n  o f  an o f fshore we l l . Un t i l  F e b r u a ry 7 ,  whe n  
the we l l  wa s s h u t  i n  by c emen t i ng , uncon t rol l e d  f l ow l e d  t o  l o c a l  
o i l po l l u t io n  a s  some 1 , 0 0 0 tons o f  o i l  we re l o s t  t o  t h e  s e a .  Re­
servo i r  d amag e d ur i ng th i s  per iod c a u sed a s u bsequen t mod e r a te and 
s te ad y  o i l s e epag e f rom the sea f l oor , e s t ima ted to b e  at a d a i l y  
ave rag e  r a t e  o f  5 ton s , t h a t  i n  t urn c a u s ed a con t i n u a l  s l i ck o n  
the s ur fa c e . Th i s  seepag e wa s s ub s tan t i a l ly r ed u c ed b y  e ar l y  
Septembe r 1 9 6 9  t o  l e s s  t h a n  2 ton s  p e r  d ay a s  a re s u l t  o f  a d r i l l ­
i ng and grou t i ng prog ram . 

F .  N a t u r a l  Mar i n e  S e epage 

Th e 1 9 7 5  NAS e s t imate fo r c rud e o i l  s e e pag e o f  0 . 6 MTA i s  
pr inc ipal l y  ba sed u po n  a 1 9 7 4  eva l u a t ion for the c on t i n e n t a l  s he l f  
areas o f  the wo r l d . J 5 Th i s  e s t ima te d oe s  no t i n c l ud e  o i l d e r ived 
f rom l and sourc e s  s uc h  a s  breached r e s e rvo i r s  or s u b-ae r e a l  e ro s ion 
o f  tar sand s , a sphal t ,  a nd source rocks conta i n ing l iq u i d  pe tro­
l e um .  The e s t i ma te a l so doe s not i nc l ud e  mar i n e  g a s  s e e p s  tha t 
conta i n  some l iqu id hyd ro c arbon s , wh i c h  have b e e n  d e te c ted by 
mar ine seep-s urveys and g eophys i c a l  techn i q ue s .  There i s  r e c en t 
e v i d e nc e  that seeps may c on tr i b u te more than tha t  e s t ima te . Th e 
recent  d i s covery o f  a l arge s ubs u r f ac e  o i l -r i ch l a ye r a t  a 2 0 0 -
me te r  depth o f f  Ve ne z ue l a  wa s e s t imated to con ta i n  1 m i l l i o n  to n s  
o f  wea thered c r ud e  o i l . 3 6 I t  wa s re por ted t o  have or i g i n a ted 
f rom a natural  ma r i ne s e e p . Re sampl ing a ye a r  l a te r , howe v e r , 
found no o i l , but found h ig h  conc e n t r a t ions o f  h yd ro c a r bo n­
o x i d i z i ng b a c te r i a . 
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Hydro carbon contr ibut ions from b i og e n i c  s o u r c e s  prob a b l y  f a r  
exceed t h o s e  f rom seepag e . The prod uc t ion o f  h yd rocarbon s f rom 
many type s of pl an t s , a n imal s ,  a nd mi croorg an i sm s  h a s  been d oc­
umen ted . 

G .  Atmosphe r i c  F a l l o u t  

The to t a l  wor l d w id e  i n p u t  o f  pe trole um-d e r i ved h yd roc arbons to 
the a tmosphere wa s e s t ima ted by the NAS to be abo u t  7 0  M TA .  Th i s  
e s t ima te wa s b a s ed o n  a d e ta i l ed inventory o f  h yd ro c arbon emi s s ion s 
by the Na t i o n a l  A i r  Po l l u t i on Control Admi n i s t r a t io n  i n  1 9 6 8  a nd on 
s im i l ar s t ud ie s  in Swed e n . The s e  emi s s ion l e ve l s  were s c al ed to 
wo rld propo r t i o n s  b a sed upo n energy pa ttern s . Approx ima te l y  two­
th i rd s  o f  the to t a l , abou t 4 5  MTA , emana te s f rom transpo r ta t io n  
source s . 

Th e amount  o f  hyd rocarbons c ontr ibuted to the s ur fa c e  env iron­
men t  from the a tmos phere is  one o f  the mo s t  u n c e r ta i n  e s t ima tes . 
Li t t l e  i s  known abou t a tmosph e r i c  rea c t ions  and reac t io n  r a te s and 
the amoun t of a tmospher i c  h yd roc arbon s ad so rbed onto pa r t i c u l a te s  
returned to the e arth ' s  s ur f ace . Th e a s s umpt i o n s  used  ind i c a ted 
tha t  approx ima te l y  4 MTA of h yd rocarbon s were ava i l ab l e  to re t ur n . 
Es t imate s o f  d i str i b u t ions  we re b ased on the r e l a t iv e  a r e a s  o f  l and 
to oceans , g lobal prec i p i ta t ion pattern s , a nd the f a c t  that  part i ­
c ul a te s a r e  more conc e n tr a ted over l and than o v e r  o c e a n s . Th us , 
0 . 6  MTA wa s e s t ima ted to f a l l  on the ocean and the rema i n i n g  3 . 4  
MTA o n  the l and . 

Th ese e s t im a te s may b e  ref i ned by more a c c ur a te and d i ag no s t i c  
analys i s  me thod s for r iver and urban r unof f ,  seepag e , a nd a tmo s ­
phe r i c  f a l lout . Howe v e r , s uc h  s t ud ie s  are  not  l i ke l y  to s i g n i­
f i c a n t l y  change the overa l l  c urrent e s t ima te s . 

I I .  Amounts  o f  Hyd rocarbons i n  the Ma r i ne E n v i ro nme n t  

A bas i c  que s t ion t h a t  rema i n s  unans wered i s  t h e  l ev e l  o f  p e­
t ro l e um hyd roc arbon input to an ocean area a t  wh i c h  se r io u s  l ong ­
te rm d amag e m i gh t o c c ur . The s e a  i s  an e no rmo u s l y  comp l e x  s y s te m  
about wh i c h  c urre n t  knowl edge i s  impe r f ec t . Th e o c e an may b e  ab l e  
to accommod a te pe trol e um hyd rocarbon i np u t s  f a r  above tho s e  occ u r­
r ing today . On the o the r hand , the d amage l ev e l  may b e  wi th i n  an 
ord e r  of magn i t ud e  of pre s e n t  inputs  to the s e a . Un t i l  th i s  ba s i c  
que s t ion i s  an swe red , i t  seems wi se s t  to con t i nue e f fo r t s  i n  
n a t ional a nd i n ternat ional con trol o f  i n p u t s  a n d  to a c c e l e r a t e  
rese arch t o  red u c e  the current l e v e l  o f  u n c e r ta i n ty . 

A .  Hyd rocarbons i n  Wa ter 

Typ i c a l  con cen tra t ions  o f  hyd roc arbons in the env i ro nmen t are 
shown i n  Table s 7 6  and 7 7 .  

1 .  Low-Mo l e c u l a r-We ight ( Vo l a t i l e ) Hyd roc arbons 

Over a s eve n -ye ar per iod , approx ima te ly 5 0 0  s u r f ac e  wa te r 
s ampl e s  from the At l an t i c , Pa c i f i c , An tarc t i c , Gu l f  o f  Me x i co , 
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TABLE 7 6  

Average Conc entration o f  Hydrocarbons i n  Water* 

Hydrocarbon Species Mic rograms Per L iter 

Methane 0 . 0 0 3  
Ethane 0 . 0 0 0 7  

Ethy lene 0 . 0 0 6  

Propane 0 . 0 0 0 7  

Propy lene 0 . 0 0 3  

But anes 0 . 0 0 0 1  

* Sources of data : Swinner ton , J .  W . ; Linne nbom , V .  J . , "Ga seous 
Hydrocarbons in Sea-Water : Determin atio n , "  S c ience , 1 96 7 , 1 5 6 :  
1 1 1 9- 1 1 2 0 ;  Swinne rton , J .  w . ; Linnenbom , V .  J . ; Cheek , C .  H� 
"Distr ibut ion of Methane and Carbon Monox ide B e twe e n  the Atmo sphere 
and Natural Waters , "  Envir . S c i . & Tech . , 1 96 9 , 3 :  8 3 6 - 83 8 ;  a nd 
Swinnerto n ,  J .  W . ; Lamotagne , R. A. , " Oc eanic Distr ibut io n of Low­
Molecular-We ight Hydrocarbons - Baseline Meas ur ement s , "  E nvir . S c i . & 
Tech . , 1 9 7 4 ,  8 :  6 5 7-663 . 

and Car i bbean we re analy zed by Sw i n n e r ton and cowo rker s . 3 7 , 3 8 , 3 9  
The surface  wa te r conce n tr a t ions remo te f rom po s s i b l e  s o u r c e s  o f  
con t am i n a t ion were cons i s te n t  f rom a r e a  t o  are a ,  s ug g e s t i ng s teady­
s ta te cond i t ions . Co ncen t r a t i ons o f  the s a t u r a ted l i g h t  g a s e s  we re 
h igher in areas s uspec ted of b iog e n i c  and/or pe t role um con tam in a­
t ion , s uc h  a s  the M i s s i s s ippi River and Po tom a c  and Ch e s ape ake 
Bays . Some l ow-mo l e c u l a r-we ight h yd roc arbons have b e e n  me a s ured in 
l oc al i zed areas around o i l -prod u c i ng ope ra t i on s . 4 0 , 4 1  

De pth pro f i l e s  to 5 0 0  me te rs have been mad e i n  both the 
Atlan t i c  Oc ean we s t  of Irel and , and i n  the Gu l f  o f  Me x i co s o u t h  of 
Mob i l e , Al ab ama . Me thane concen t r a t i o n s  r ang i ng b e twe en 0 . 0 3 a nd 
0 . 0 5  m i c rog rams pe r l i te r  ( � g/ 1 ) i n  the Atlan t i c  were con s ta n t  w i t h  
dep th . Co ncen tra t ions i n  the Gu l f  of Me x i c o  we re up to 0 . 0 6 � g/1 
a t  the s ur f ac e , i n c r e a s i ng to 0 . 2 0 �g/1 a t  3 0  me t e r s  and then 
d e c re a s i ng w i th g re at e r  depth . 

Re l a t i v e l y  un i fo rm e thyl ene and propyl ene conc e n t r a t i o n s  i n  the 
ope n ocean and near s hore we re repor ted , even in those area s co n­
t a i n ing h ig h e r  conc e n t r a t ions o f  s a tur a te d  hyd roc arbon s . 4 2  In  
genera l , the conce n tr a t i o n s  o f  e thene and propene d ec rea sed w i t h  
i nc re a s i ng dept h , r e ach ing trace lev e l s  a t  1 50 t o  2 0 0 me te r s . In 
Atl an t i c , Car ibbean , and Pac i f i c depth prof i le s , the s e  u n s a t ur a te d  
h yd roc arbon s o f ten showed max imum concen tr a t i o n s  b e tween 3 0  a nd 1 0 0  
me ters , par t i c ul a r l y  i n  spr i ng and s umme r . 

Mar i ne g a s  seeps have been me as ured throug h o u t  the 
wo rld . 4 3 , 4 4 , 4 5  The s e  seeps o f ten prod uce a noma l i e s  s e v e r al 
h und red times the general  backg round v a l u e s  f o r  me tha n e - t hr o ugh­
butane h yd ro c a rbon s .  

5 0 1  



TABLE 7 7  

Conc entration of Hydrocarbons in S ediment s *  

Water Concentration 

Area Condition ( Micrograms Per L iter ) 

Cook Inlet Pr i s tine < 1 , 0 0 0  

Fort Va l de z  Pristine 2 , 0 0 0 

Continental Shel f Clean 40 , 0 0 0- 6 0 , 0 0 0  

Cont inental S l ope Clean 1 0 , 0 0 0- 3 2 , 0 0 0 

Cont inental Ri se Clean 1 1 0 0 0- 5 1 0 0 0 

Sagi n aw Bay Marginal 4 0 0 , 0 0 0 

France Marginal 4 0 0 , 0 0 0  

San Franci sco Bay Po l luted 1 , 0 0 0 , 0 0 0 

Lake Mar ic a ibo Po l luted 3 , 0 0 0 , 0 0 0  

*S ources o f  data : McAul i f fe , c .  D . , " Surv e il lance o f  the Marine 

E nv ironment for Hydro c arbo ns , "  Mar . S c i .  C ommun . ,  1 97 6 ,  2 :  1 3 - 4 2 ; 

Farringto n , J .  W . ; Meyers , P .  A. , " Hydrocarbons in the Marine Envir on­

ment , "  I n  E nvironmental Chemi s try , Vo l .  I . , G .  s .  Eglington , e d . , The 

Chemical Soci e ty : London , 1 9 7 5 ;  and Smith , P .  v . , Jr . ,  " Studi e s  on 

Or igin of Petro l eum : Occurrence of Hydrocarbons in Recent Se diment s , "  

Bul l .  Amer . A s soc . Petr . Geol . , 1 9 5 4 ,  3 8 : 3 7 7-4 0 4 . 

2 .  H igh-Mol e c u l a r-We ight ( Nonvol a t i le ) Hyd rocarbons 

High-mol e c ul a r-we ight  h yd rocarbon s  h ave been me a s ured in some 
ocean areas , u s ing several sampl ing techn ique s :  f i l te r ing o u t  
par t i c l e s  o f  o i l  w i t h  n e u s ton net s ; capt ur i ng a i r/ s e a  i n te r f a c e  
hyd rocarbon s b y  s c reen o r  te flon d i sk ,  and very-near- s ur fa c e  
par t i c l e s  wi th s l urp bot tl e s ; s ampl i ng the near s ur f ac e  ( to about 
1 0  me te r s ) by  ope n ing s ubme rged bottl e s  o r  s ampl ing d e v i ce s ,  or  by 
p ump i n g ; and wire  l ine s ampl ing ( d epth pro f i le s ) . 

a .  Part i c u l ate Hyd rocarbons 

Par t i c l e s  o f  f l oa t i ng tar , var iously c a l l ed t a r  l umps , t ar 
b al l s , par t i c u l ate o i l , a nd pe lag ic tar , h ave been c o l l e c ted w i th 
neus ton ne t s  f rom a n umber o f  area s . The se i nc l ud e  the northwe s t  
At l an t i c , No rth A t l an t i c , Ea s t  Coas t Con t i n e n t a l  Sh el f , Ca r i bbean , 
Gul f  o f  Mex ico , Sarg a s s o  Sea , Med i te rrane a n , and Pac i f i c . Co n­
centrat ions var i ed f rom less than 0 . 2 mi c rog rams per square me te r  
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( � g/m2 ) fo r por t ions o f  the e a s tern Pac i f i c and No rth Atl a n t i c  
marg ins t o  as  h ig h  a s  5 � g/m2 i n  the Me d i terranean . Th e S a rg a sso 
Sea had a me an v a l u e  o f  abou t 2 � gjm 2 . 

b .  Hydrocarbons at  the S e a  S u r f ace 

Re se archer s ,  us i ng a screen for col l ec t io n , meas ured h ydro­
carbons a t  the a i r/ s e a  i n ter face ( 0 . 1  to 0 . 3  m i l l ime ter l aye r ) a nd 
found an ave r a�e conc e n t r a t ion o f  1 5 5  � g/1 i n  the Atl an t i c  and 
Sarg asso Se a . 4 Ot he r researcher s , u s ing a te f l on d i sc for  
col l e c t ion a t  the i n t e r f ac e , fo und average va l ue s  of  3 6 0  � g/m 2 , 
but only 1 8 0  � g/m2 o f f  F l or id a . 4 7  Av erag e  v a l u e s  fo r o f f shore 
Lou i s iana var i ed f rom 2 1 0 to 7 0 0  u g/m2 . Us ing s l urp bo t t l e s  and 
s ampl ing a l aye r from 0 to 3 mi l l ime te r s  o r  0 to 5 m i l l ime ters , 
h ig h-mo l e c u l a r -we i g h t  h yd rocarbons wer e  meas ured i n  the  nor thwe s t  
At l an t i c  and o n  a transe c t  f rom No va Scot i a  t o  Be rmud a . 4 8 , 4 9  
The i r  va l ue s  aver aged 9 t o  2 0  �g/1 o f  h ig h-mo l e c u l a r -we igh t 
hyd rocarbons i n  th i s  near- s ur face wa te r . 

c .  Hyd rocarbons in  the Wate r C o l um n  

Ne ar- s ur face samp l e s  we re c o l l e c ted by pa i l  a l ong tanker rou te s 
f rom the Car ibbe an and the Gu l f  Coa s t  to New York . 5 0 The se and 
l a ter sampl ing s i n  the Pa c i f i c and I n d i a n  Oc e a n s  averaged abo u t  
9 �g/1 . 5 1 , 5 2 S ampl e s  co l l e c ted a t  1 0  me ters  b y  p ump averag ed 
abou t 4 � g/1 . Co nc e n tr a t io n s  o f  0 . 7  and 0 . 4  � g/ 1 , r e spec t i v e l y , 
we re found a t  1 me ter and 5 me ters on tran s e c t s  i n  the  northwe s t  
Atl an t i c  from Nova S c o t i a  to Be rmud a . 5 3 , 5 4 Be low 5 me ters  they 
were unable to t r u l y  d i s t i ng u i sh hyd rocarbons f rom po s s i b l e  sampl e 
con tam i nants and ind i ca ted tha t no me a s u r ab l e  hyd rocarbon s e x i s ted 
be low 1 0  me ter s . Sampl e s  d ipped f rom the ocean s ur f ac e  were f o und 
to conta in an averag e  0 . 2  � g/1 . 5 5  Re se arche r s  we re unab l e  to 
de te ct hyd roc arbons thro ughout the wa ter col umn o f  the Cook Inle t ,  
u s i ng a me thod sens i t ive to 0 . 0 2 �g/1 . 5 6 In the Coal Oi l Po in t 
seep are a ( Sa n t a  Barbara Channe l ) ,  re l a t ive ly l o w  va l ue s  we re r e­
por ted . 5 7 Concen t r a t ions we re 1 6  � g/1 a t  1 me te r , a nd l e s s  than 
1 � g/1 from 1 0  t o  5 5  me ter s .  In no n-seep areas conc e n t r a t i on s  
averaged 0 . 3  � g/1 from 1 t o  4 0 0 me te r s . 

From these i nve s t i g a t io ns , t he d a ta show t h a t  c o nc e n tr a t io n s  a t  
5 and 1 0  me ters  are abou t 4 0  pe rcen t o f  those f o u nd i n  s ur f ac e  d i p  
samples  ( 0 -0 . 3  me ter ) a nd 1 me te r , 5 8 s ugge s t i ng tha t mo s t  o f  the 
hyd roc arbons are par t i c ul a te ra ther than i n  true  sol u t io n . The y  
may b e  ad so rbed on par t i c u l a te s  or absorbed i n to l iv i ng ma tter . 

B .  Hyd rocarbons in  Re cent Ma r i ne Sed ime n t s  

Hyd roc arbons i n  recent  ma r ine sed ime n t s  can have s e v e r a l  
orig ins : s ubs u r f ace seepag e ; bacter i a l  g e ne r a t i o n  o f  me t h ane , 
w i t h  low amounts  o f  e thane and propane ; t e r re s t r i a l  and mar ine 
plant and an ima l r ema in s ; par t i c ulate  ma t te r  f rom e ro s ion of  sed i­
men tary rock in wh i ch pe trol e um hyd rocarbons we re prev i o u s l y  g en­
era ted ; and hyd roc arbons f rom a tmo sphe r i c  f a l l ou t . Rec e n t  mar i n e  
sed iments almo s t  always conta in th ree o r  four o rd e r s  o f  mag n i t u d e  
h igher h yd roc a rbon conc e n tr a t ions than doe s the ove r l y ing wa te r . 
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1 .  Low-Mo l e c u l a r-We igh t  Hyd roc arbo n s  

The b iogen i c  g e n e r a t ion o f  me thane a nd t r a c e  amo u n t s  o f  e th an e  
a nd propane h a s  been d ocume n ted . 5 9  Butane- t hrough- h eptane h yd ro­
carbon s greater tha n 1 , 0 0 0  � g/1 have no t b e e n  d e te c ted i n  r e c e n t 
sed ime n t s  ex cept i n  seep areas , so they are probably no t fo rmed 
b io log i c a l ly . The se h yd roc arbon s appe ar to form f rom o rg an i c  ma t­
ter s ub j e c ted to depths o f  bur ial  exceed i ng 1 , 0 0 0 me te r s  at temper­
a t ures  in exce s s  of 5 0 ° C . Amoun t s  g re a ter than 1 , 0 0 0  � g / 1  i n  
recent sed imen ts are a s s umed to have mig rated f rom deeper source 
sed ime n t s  o r  pe t ro le um r e s e rvo ir s . 

2 .  H ig h-Mo l e c u l ar-We ig h t  Hyd rocarbons 

Ne arshore con t in e n t a l  she l f  sed ime n t s  conta i n  a n  e s t ima te d 
4 0 , 0 0 0  � g/ 1  o f  hyd ro c arbons . 6 0  Th e s a turates  frac t i o n  ( a lka n e ) 
i s  reported to b e  4 0 , 0 0 0  t o  6 0 , 0 0 0  � g/1 on the con t i ne n ta l  she l f , 
1 0 , 0 0 0 to 2 0 , 0 0 0  �g/1 on the con t i nental  s l ope , and 1 1 o o o  t o  5 , 0 0 0 
� g/1 i n  deep wa ter s ed ime n t s  ( s ampled near Bermud a ) . 6 

An aver age o f  3 2 , 0 0 0  � g/ 1  wa s fo und i n  f o u r  s ampl e s  i n  1 2 0 to 
9 2 0  me te r s  o f  wa te r o f f  the we s t  coas t o f  Af r i c a . 6 2  Fa i r l y  u n i­
form h yd rocarbon concen trat ions  were found d own to 1 0 0  me t e r s  i n  
two re cen t- s ed ime n t  core s from the Gu l f  o f  Me x i co , o f f  Lo u i s i an a . 
The d a ta s ugge s t  that the con tr i b u t io n  o f  h yd roc arbon s to s ed ime n t s  
h a s  been re l a t i v e l y  c o n s t a n t  i n  recen t g eo l og i ca l  t ime . However , 
local source s o f  h yd rocarbo n s  i n  bays or r iv e r s  c a u s e  l oc a l l y  h ig h  
conce n tra t i o n s  o f  hyd ro carbons i n  ne ar- s ur fa c e  sed imen t s . Ar eas  
s t ud i ed i nc l ud e : Franc e ; 6 3  the  Santa Barbara Channe l ,  Coa l O i l 
Po i n t  Seep area ; 6 4 , 6 5  S a n  Franc i sco Bay ; 6 6  Lake Ma r i c a ibo ; 6 7 
Sag i n aw Bay ; 6 8  Lake Wa s h i n g to n ; 6 9  and the Prov i d e nc e  Ri ve r . 7 0  
I n  remote areas o f  the Cook In l e t , wh ere samp l e s  c on s i sted ma i n l y  
of s and , g rave l , and ro cks , h yd roc arbon concen tra t i o n s  o f  l e s s  tha n 
1 , 0 0 0 � g/ 1  we re found . 7 1  So f t  sed ime n t s  a t  Po r t  Va ld e z  we r e  
fo und t o  con ta i n  an average o f  2 , 0 0 0  � g/ 1 . 7 2  

FATE OF O I L  S P I LLs 7 3  

On ce o i l i s  sp i l l ed , i t  immed i a te l y  beg i n s  to undergo many c om­
plex , compe t i ng , a nd i n te rac t i ng ph y s i ca l , chem i c a l ,  and b i o log i c a l  
change s .  The s e  chang e s  i n c l ud e  spread i ng , e vapo ra t i o n  a n d  s o l u­
t ion , s ed ime n ta t ion , d i spe r s ion i n to d ropl e t s  and p ar t i c l e s , 
emul s i f i c a t io n , c hem i c al pho too x id a t ion , b iodeg rad a t i o n  by m i c ro­
organ i sm s , uptake by mar i n e  org an i sms , and forma t io n  of tarry l ump s 
a nd par t i c l e s . 

I .  Spre ad ing and Moveme n t  

Oi l sl i ck s  spr ead over the s ur face o f  the o c e an a t  r a te s i n ­
fl uenced by g ra v i ty , s ur f ace tens ion , v i s c o s i ty , p o u r  po i n t  ( i . e . , 
tempe rature o f  sol id i f i ca t io n ) ,  w i nd , wave s , c urren t s , a nd tem­
per a t ur e . Wa ter mo t ion and w i nd e l ongate , d i s tort , and break o i l 
s l i cks i n to mov i ng patc he s tha t are th icke s t  n e ar the i r  l e ad ing 
ed ge s . The o i l  s l i c k  veloc i ty is the re s u l t i ng compo n e n t  o f  th e 
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wind ve loc i ty and tha t o f  the immed i a t e l y  und e r l y i ng wa te r . Wi nd 
move s o i l  between 2 . 5  and 3 . 5  percen t o f  i t s  v e l o c i ty , w i th mos t  
val ues near 3 percen t .  7 4 , 7 5  

I I .  Evapora t ion and S o l u t ion 

The f i r s t  compo s i t i onal chang e s  i n  pe tro l e um s p i l l ed on wa ter 
are evaporat ion and s o l u t ion o f  vol a t i l e  c ompone n t s . The ra te s  and 
extent of these chang e s  d epend upon the chem i c a l  and ph ys i c a l  
nat ure o f  t h e  pe t ro l e um ,  w i nd veloc i t ie s , sea  s ta te s , a n d  wa te r 
temper a tures . Ev apo ra t i o n  and s o l u t ion are s im u l taneous  and com­
pe t i t ive wi th e vapo r a t ion predom inan t ;  e ac h  vol a t i l e h yd rocarbo n ' s  
rates wi l l  d epend upo n  i t s  vapo r pre s s ur e  and so l ub i l i ty .  

I I I .  S ed ime n t a t ion 

Se d ime n ta t ion i s  the process whe reby par t i c l e s  of f l oa t i ng o i l  
s i nk to the bo t tom o f  the se a .  In  ord e r  for th i s  to o c c u r , i t  i s  
necessary f o r  the o i l  par t i c l e s , wh i ch a r e  l e s s  d ense than s e a­
wa te r , to be mod i f i ed by e vapora t io n  o f  l ig h t e r  compon e n t s  and , 
more impo r tan t ,  by i ncorpo r a t i o n  o f  par t i c ul a te ma t t e r  prese n t  i n  
the wa ter col umn . S i nk i ng o f  o i l  d ropl e t s  thro ugh the wa t e r  col umn 
can only occur i n  the spe c ial case s wh ere the d en s i ty o f  the c rud e 
o i l  i s  a l re ad y  c l o s e  to that o f  seawa te r . Bec a u s e  o f  the l ow 
l eve l s  o f  pa r t i c u l a te ma tter pr e se n t  i n  the open s e a , sed ime n ta t ion 
i s  no t l i ke l y  to occur there . Th i s  proce s s  become s more impo r t an t  
i n  near- s ho re are as where the s u spended sed imen t  load in  the wa te r 
col umn may be h igh . Par t i c u l ar ly h igh sed ime n t  l oad s may be 
contr ibuted near shore by t id a l or e s t ua r i n e  f l ows , l and runo f f ,  
and s to rm cond i t ion s . Floa t i ng o i l  pa r t i c l e s  a l s o  c a n  con t r i bute  
to  sub t l e  sed ime n ta t i on by impac t i ng the  shore l i n e , adher ing to  
beach s and , and then mov i ng back i n to the  coa s ta l  wa t e r s  by wav e 
a c t ion . 

IV .  D i spe rs ion 

De pe nd i ng upo n the type o f  crud e  o i l  i nvolved , s po n taneo u s  
forma t ion o f  sma l l  d ropl e t s  o f  o i l  i n  wa t e r  c a n  o c c u r  d ue to wave 
and w i nd act ion . Na tural d i spe r s ion can be he l p f u l  in m i t i g a t i ng 
the e f fe c t s  of s p i l l ed o i l  by d i s s i pa t i ng the o i l  and there by 
red uc ing i t s tox i c i ty toward s mar ine l i fe .  On ce f o rmed , d i sper­
s ions tend to d i sappe ar f rom the s ur f ace , but rema i n  i n  nea r­
s ur f ace wa te r s , wh ere f ur the r d i l u t ion occurs . 

Th e g rad ual spo n taneous d i sappe arance o f  s p i l l ed c rud e o i l  
from the s ur f ace o f  the sea  i s  a s s i s ted b y  d i spers ion proce s s e s . 
Be cause o f  the g re a t l y  e nhanced o i l/wa ter in te r f ac e , t he sma l l  
par t i c l e s  ( g lobule s )  o f  o i l  crea ted are more ea s i ly b iod eg raded by 
microorgan i sms , l ose the i r  more tox i c , vol a t i l e  compo n e n t s  more 
read i ly than d o  c o n t i n uous  pa tche s of o i l ,  and are rap id ly d i s­
s ipa ted by the d i l u t i ng a c t io n  o f  the sea . Th e rapid d i l u t io n  o f  
d i spersed o i l  o f te n  preven ts t h e  o i l  f rom trave l i ng a s  far a s  s u r­
face sl icks , and thereby reduces  the l i ke l ihood o f  i ts r e a c h i ng 
coa s tal are a s  and wa s h i ng ashore . Disper s ion a l so red uce s the  
hazard to  mar i ne b i rd s . 
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v .  Emu l s i f i ca t i o n  

The forma t io n  o f  emul s ions o f  wa ter i n  o i l  l e ad s  t o  many d i f­
f ic u l t ie s . The t e nd en c y  to form emu l s ions  depends upon the type o f  
o i l involved , b u t  i s  promo ted by rough s e a  cond i t io n s . The i r fo r­
mat ion add s  to the d i f f i c ul t y  of cl eanup , o n s hore and o f f shore , 
because i t  i ncrease s the volume and v i sc os i ty o f  ma te r i a l  to be 
removed and , there fore , the d i f f i c ul ty i n  h a nd l i ng and d i spo s i ng of 
t he o i l . 

VI . Chem i c a l  Photoo x id a t ion 

Oi l s ub j e c ted to the rays o f  the  sun o n  the s ur fa c e  o f  the sea  
und e rgoe s chem i c a l  ch ange s general l y  termed chemi c a l  pho toox id a t io n  
o r  pho to chem i ca l  o x i d a t i on . 7 6 These chang e s  d eg rade c e r t a i n  c om­
ponen t s  of the o i l  and rend e r  th em more wa te r-so l uble and s ub j ec t  
to d i s s ipat ion by s o l u t i o n  and d i l u t io n . The r a te s o f  chem i c a l  
pho too x id a t ion o f  o i l  a r e  greate s t  a t  t h e  sea s ur f ac e  o r  on 
phys i c a l ly s tranded , e xpo sed o i l . 

VI I .  B iodegrad a t ion 

Wa te r and sed imen t s  throug hout the  wo rld conta i n  m i croorg an i sm s  
( b acter i a , yeas t s , a n d  f ung i ) ,  wh i ch u t i l i ze a nd d eg rade pe t rol e um 
components . A very l arge n umber o f  spe c ie s  o f  m i c roorg an i sm s  tha t 
c an deg rad e pe tro l e um h av e  been iden t i f ied i n  open s e a  and coastal  
areas . 7 7 

B iodegrad a t io n  i s  the mo s t  impor tan t o f  the proce s s e s  that  
accou n t  fo r the ul t ima te f a te o f  o i l  i n  the  mar i ne env i ro nme n t , 
a l t ho ugh i t  doe s no t immed i a te l y  d e c rease  the vol ume o f  o i l  o r  i t s  
impac t  o n  t he e nv i ro nme n t  a f te r  i t  i s  sp i l led . B i od eg rad a t i o n  i s  
promo ted b y  d i spe r s ion o f  o i l  s l i ck s  i n to sma l l  par t i c l e s  o f  h ig h  
s ur fa c e  are a . Th i s  appl ie s wh e ther d i spe r s io n  o c c u r s  n a t ur al l y  o r  
i s  i nd uced b y  appl i c a t io n  o f  d i spersan t s . 

VI I I .  Uptake by Mar i ne Organ i sms 

Mos t  mar i ne an ima l s  ( f i n f i s h , shel l f i s h , zoo p l a n k to n ) c an i n­
g e s t  a nd absorb hyd rocarbon s  from the o i l  pre s e n t  i n  the i r  env i ro n­
men t s . Some e a r l y  re searchers po s t ul a ted t h a t  the o i l  compo ne n t s  
e n te r i ng the t i s s ue s o f  the s e  an ima l s  m i g h t  b e  re ta ined f o r  l ong 
per iod s , and perhaps permanen t ly . Rec e n t  s t ud i e s  h ave shown t ha t 
t he se o i l  compo n e n t s  are i n  some case s take n up rap i d ly f rom h yd ro­
ca rbo n-con t amina ted env i ro nme n ts , b u t  are rap id l y  p urged . I n  f i s h , 
hyd ro c arbons may a l s o  be tran s fo rmed i n to d i f f e re n t s ub s t a n c e s by 
me tabo l i c  proce s s e s . 7 8 The se f i nd ings have l ed to t wo ma j or 
conc l u s i o n s : 

• Mar ine org a n i sms d o  not reta i n  o i l  fo r long pe r iod s o f  
t ime . 

• There i s  no ev ide nce that  food cha i n  acc umul a t io n  ( an i n­
crease i n  t i s s ue hyd rocarbon leve l s  wh en l ar g e r  organ i sm s  
e a t  many sma l l e r  organi sms contam i na ted w i th o i l ) occurs . 
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EFFEC TS OF O I L  S P I LLS IN THE MARINE ENVI RONME NT 

I .  Open Ocean Sp i l l s 

Ma j or sp i l l s  i n  the open ocean are more l ike ly to involve crude 
o i l s , wh ich con s t i t ute the l a rg e s t  vol ume of  o i l  tran s por ted by 
sea . Crude o i l  spi l l s  c an a l so occur from o f f shore b l owo u t s  and 
pipe l ine bre aks . Al though f i sh and bot tom-dwe l l ing ( be n th i c ) 
org a n i sms may b e  pr e s e n t  i n  l a rge numbe r s , s c ie n t i f i c inve s t i g a­
t ions have i nd i c a ted no ad verse e f fe c t s  on ad u l t  f i s h  o r  o the r 
macroorg a n i sms . Th e d i l u t io n  po ten t i al o f  the open s e a  and the 
d i spers ion , we ather ing , and los s of tox i c  con s t i t ue n t s  ma ke it i m­
probable tha t  o i l s  s p i l led in  deep- s ea areas c o u l d  reach b e n th i c  
mar ine l i fe ,  much l e s s  i n  tox i c  amo unt s .  

The two po ten t i a l  d angers po sed by o i l  i n  the open s e a  are e f­
f e c t s  o n  sea b i rd s and on pl ankton ( a lg ae , e gg s , l arvae , and fry o f  
ad u l t  an imal s ,  some o f  wh i c h  inhab i t  nea r-s u r face wa te r ) . The s e  
l i fe fo rms a r e  n umerous a n d  a r e  s ub j e c t  t o  h i g h  n a t ur a l  mor ta l i ty . 
The impac t o f  an o i l  sp i l l  wo uld prob ably no t be s u f f i c i e n t l y  l arg e 
to a f f e c t  ad u l t  popul a t ions widely o r  fo r l o ng . 

Co ncern has  been expressed tha t  a number o f  b io l og i c al e f fe c t s  
can re s ul t  f rom t h e  l arge amounts o f  o i l  e n te r i ng t h e  se a ,  whe the r 
from o i l  s p i l l s , o ther source s a t tr ibu ta b l e  to man , o r  f rom na tural 
seeps . S uch pos t ula ted e f fe c t s  i nc l ud e  d i s rupt ion o f  bac ter i a l  
popul a t ions , o il l ayer phenome na t h a t  wo u l d  prev e n t  norm a l  g a s  
exchange a t  the s e a  s ur f ac e , local he a t ing e f fe c t s  c a u s ed b y  s o l ar 
heat absorp t ion i n  o i l s l i cks , a nd conce n t ra t io n  o f  pe s t i c id e s  and 
he avy me t a l s  by o i l . De s p i te c aref ul s t udy , no e v i d e n c e  h a s  b e e n  
obta ined t o  s uppo r t  t h e s e  c l a ims . 7 9  F e a r s  o f  pe rmanen t a n d  ex­
ten s ive morta l i ty of  mar ine an ima l s  from o i l  sp i l l s  h ave no t bee n 
s ubs tan t i a ted . 8 0 , 8 1 , 8 2  

I I .  Coastal  S p i l l s  

Oi l s p i l ls that  impac t  near- s hore are as have s hown e f fe c t s  o n  
sea b i rds and , i n  some i n s tance s , ben th i c  organi sms . 8 3 , 8 4 Im­
proper me asures taken to remove the o i l can i n fl i c t  l o s s e s  i n  
the s e  local i zed are a s  e xceed i ng those d ue to the  o i l  i t se l f , and 
wh i ch may pe rma ne n t l y  a l ter a local i z e d  h ab i ta t . 

Th e fo l low i ng f ac to r s  a f f e c t  the ser iousne s s  o f  b io l og i ca l  
d amage from o i l : 8 5 

• Amoun t o f  o i l  impact i ng the are a . 

• Type o f  o i l s p i l l e d  - - C r ud e  o i l s are l e s s  tox i c  than mo s t  
re f i ned prod u c ts . 

• Hyd rology and t id a l  r ange - - A l arge t id a l  r ange g e ne r a l ly 
( tho ugh no t a l way s ) re s ul t s  in f a s t e r  o i l  remo v a l  d ue to 
natur al f l ush i ng . 
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• We ather and s e a  cond i t ions - - Un u s u a l ly h ig h  wav e s  o r  rap id 
c urrents re s u l t ing f rom s torms may c a u s e  o i l i ng of are a s  no t 
o the rw i se l ike ly to be irnpacted . 8o 

• Se ason - - I f  spe c ie s  wi th a restr i c ted an n u a l  breed i ng 
sea son are a f fe c ted d u r i ng tha t s e a so n , repop u l a t ion mus t 
awa i t  the next  annual cyc l e  and w i l l  be d e l aye d . 

• Ge og raphy o f  the area - - For ex amp l e ,  the l arge t id al range 
and pre s e nc e  of c ren u l a te bays and tornbol o s  c a used l o c a l i ze d  
trappi ng o f  o i l  d u r ing the Amoco C ad i z  s p i l l . 8 7 , 8 8  

• Type s o f  local  ma r i ne f l ora and f a un a As d i sc u s sed l a t e r  
i n  th i s  chapte r , certa in env i ronme n t s  o r  pop u l a t io n s  are 
mo re sens i t ive to s tr e s s  than o the r s . 

• Pr ev ious expo s ur e  of the area to o i l  - - S im i l arly , a r e a s  
e xpos ed to other pol l u tan t s  may be more s u s c e p t i bl e  to 
d amag e , o r  s l owe r to recover . 8 � 

• Tr e a tme n t  o f  the spi l l  -- Cl eanup techn ique s ,  i f  improper l y  
appl ied , m a y  c ompound probl erns . 9 D 

Th e g re a te s t  d amage to mar i ne l i fe wi l l  occur whe n : 9 1  

• Th e o il i s  s p i l led i n to , o r  reache s , a conf i ned , s h a l low 
body of wa te r , s uch a s  a sma l l  bay ; tha t i s , the vo l ume o f  
o i l  spi l l ed i s  l arge wi th re spe c t  to the body o f  wa ter be i ng 
impac ted . 

• The o i l  i s  a l igh t ,  re f ined o i l  s uch a s  a horne hea t i ng o il 
or a d i e se l  f ue l . 

• Th ere i s  a h i g h  load o f  f i ne sed ime n t  i n  the wa te r col umn 
d ue to s to rm s , he avy s ur f , o r  the d i s ch a rg e  of r iv e r s . 

Sp i l l s  i n  wh i c h  a l l  o f  the se cond i t ions occ u rred s imul ta n­
eou s l y  are rare . Ex ampl e s  i n c l ud e  the s pi l l  near We st Falmo u th , 
Mas sach u s e t t s , i n  1 9 6 9 , 9 2- 9 5  and a t  Ba j a  Cal i forn i a , Me x ic o ,  
i n  1 9 5 7 . 9 6  In both c a s e s  the benth i c  l i fe e xpe r i e nced heavy 
immed i a te morta l i ty and the i r  pop u l a t ions we re red uc ed l oc a l ly 
for several ye ar s . 

Many sp i l l s that appe ared to threaten l ong- t e rm ma j or e f f e c t s  
h ave no t prod uced them . Ex amp l e s  o f  s uch s p i l l s  i nc l ud e  the S a n t a  
Barbara spi l l  and the San Franc i sc o  B a y  tanke r sp i l l . 

Ne ar- s hore o i l  sp i l l s i nvol v i ng crud e  o i l s , s uc h  a s  the Amoco 
Cad i z ,  Torrey C anyon , and Me t u l a  s p i l l s , d o  i n f l i c t  s ub s t an t i a l  
b io l og i c al damag e , b u t  s uc h  d amag e i s  m i t ig a ted by the l owe r tox­
ic i t ie s  of cr ud e o i l s  c ompared to some re f ined p rod uc t s . Howe ve r , 
some fresh crud e o i l s , p r i o r  to we a ther i ng , may b e  a s  o r  mo re tox i c 
than No . 2 f ue l  o i l , for e x ampl e .  
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O i l  pol l u t io n  pose s much l e s s  o f  a thre a t  to the mar i n e  env i ­
ronmen t  than i t s  pre s e n c e  and v i sual prom i ne n c e  wo u l d  impl y . Eve n  
tho ugh the in forma t ion on so urce s , f a te s , and e f f e c t s  o f  o i l i n  th e 
e nv i ronme n t  i s  not compl ete , the s ub j e c t  i s  s u f f i c i e n t l y  u nd e r s tood 
to s ugge s t  that h uman hea l th ha zard s appe ar to be i n s ig n i f i c an t  and 
tha t  e f fe c t s  upo n ma r in e  org a n i sms are no t l ike l y  to b e  of long 
d uration o r  observable a s  a f fe c t ing total pop u l a t i o n s  o f  impac te d  
spe c ie s  o r  ecosys tem s  i n  the zo ne o f  i n f l ue n c e  o f  the o il . Ca re f ul 
s tudy may reve al s ub t l e  long-term e f fec t s , wh i c h , howeve r ,  are 
bel i eved to hav e had l i t tl e ecolog i cal conseque n c e . 

A .  Shor t-Te rm E f f e c ts 

1 .  Immed i a te Morta l i ty 

Ex ten s ive b i o l og i cal l i te r a t ur e  documen t s  the d eaths  o f  pl a n t s  
and an ima l s  a s  a d i r e c t  and immed iate re s ul t  o f  a c ute o i l  pol l u­
t ion . Wh e ther o r  not th i s  mortal i ty ( wh ic h  c an be ma s s iv e ) h a s  any 
s ig n i f i c a n t  long -te rm e f fe c t s  on the pop u l a t i o n  of a spec i e s  d e ­
pend s upo n  seve ral f a c tors . On e important thoug h t  tha t i s  rare l y  
cons id ered i s  t h e  reprod uc t ive b iology a n d  pop u l a t i o n  d yn am i c s  o f  
the spe c i e s . 

Many mar ine org a n i sms prod u c e  yo ung on a very l arg e s c a l e  ( cod , 
4 , 0 0 0 , 0 0 0  eg gs per ye ar for s everal ye ar s ; oys ter s , 8 , 0 0 0 , 0 0 0  egg s 
per ye ar ) , a l though only a few o f  them no rmal ly s ur v i v e  to ad u l t­
hood . Prov ided the s tock i s  no t so deple ted that  rec r u i tment i s  
l im i ted by egg prod u c t i o n , the e f fe c t s  o f  d e n s i ty-d epend en t mo r­
ta l i ty are l i ke ly to c ompe n s a te for add i t i o n a l  d e n s i ty- i nd e pend en t 
l os se s  such as  by o i l po l l u t i on . In a prac t i c a l  e x amp l e ,  t he eggs 
and de ve lopme n t a l  s t age s of  many commerc ial  f i n f i sh spend some t ime 
in the n e u s ton l aye r wh ere they c an be e xpo sed to o i l  and a var i e ty 
of pol l u tant s  h a rmf u l  to them . Comparabl e a s se s sme n t s  are rare l y  
ava ilable fo r noncommerc ial  f i sh and invertebrate s , b u t  there i s  no 
reason to s uppose that any n umerou s ,  fec und spec i e s  i s  ma te r i a l l y  
a f fe c ted by l os se s  o f  e g g s  or l arvae d u e  to o i l pol l u t io n . 

However , a n  al terna t i ve reprod u c t ive s t rategy i s  pr a c t i c ed by 
many mar ine i nver tebra te s ( boreal and s ub-bore a l )  - - the prod u c t io n  
of sma l l  numbers o f  young t h a t  are rare ly d i spe rsed i n  the n e u s to n  
layer as eggs o r  l arvae , but a r e  re ta ined c l o s e  t o  t h e  parents and 
serve to repl en i sh the i r  o r ig i n a t i ng popul a t ions . Lo ca l  po l l u t i o n  
d amage has there fore g rea ter s ig n i f i c ance for s uch spec ie s .  I f  
sma l l  numbe rs o f  yo ung are prod u ced , the ir l o s s  i s  l i ke ly to 
depre ss recru i tme n t  beca use they do no t become w ide l y  d i s pe r sed . 

The d e a t h s  o f  ad u l t s  red uce the l o c a l  pop u l a t ion and , i f  the 
adul ts are sexual ly mature and c l ose to reprod uc t i on , the i r  po­
ten t i al o f f s pr i ng . Mob i l e  spe c i e s  wi th a short g e n e r a t ion t ime 
q u i ckly repopul ate an a f fe c ted area from ne ighbor i ng areas , once 
the source of  d amage has  been remove d .  A n umbe r o f  se a b i rd 
spe c ie s  have a popul a t ion o f  nonbreed i ng s ub-ad u l t s  that  w i l l  
move in to repl en i sh a de ple ted breed ing s to ck . 

Repop u l a t ion o f  d amaged are a s  i s  nece s s a r i ly s l ow for spec ie s 
that are re l a t iv e ly immob i l e  as  ad u l ts a nd l ack d i spe rs i v e  l arv a l  
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s tage s .  Thu s ,  a l thoug h  the ma j o r  feat ure s o f  a d amaged e c o s ys tem 
may be r e s tored w i th i n  two or three ye ars , t he r e-e st a b l i shme n t  o f  
some fauna and flora may take much longe r . 

2 .  S ub l e th a l  E f f e c t s  

As s e s sme n t  o f  t h e  tox i c i t i e s  of pe trol e um h yd ro c a rbons fo r 
marine organ i sms by s tand ard l aboratory te s t s  h a s  been re f ined and 
e x tended to cover s uble thal e f fe c t s . 9 7  Red uced v i ab i l i ty i n  
a n imals exposed t o  l ow concentrations o f  pe trol e um m i g h t  b e  e x ­
pec ted t o  re s ul t  i n  a h idden add i t ional mor ta l i ty .  However , a s ­
s e s s i ng th i s  i n  a n a tural env i ronmen t  i s  even mo re d i f f i cu l t than 
a s se s s i ng d e a t h s  c a used d i rec t l y  by pol l u t io n . 

For e x ampl e , a n umbe r o f  s t ud ie s  h ave shown t h a t  i ng e s ted p e­
tro l eum o i l s  c a u s e  l iv e r  and k i d ney d amage i n  g u l l s  a nd some other 
sea b i rd s . Howeve r ,  d e sp i te e xpos ure to o i l  pol l ut ion for severa l 
d e c ad e s , mos t  g ul l s  i n  nor thwe stern Europe are i n c r e a s i ng i n  
n umbers t o  the po i n t  whe re they have become pe s ts i n  some areas , 
and a t temp ts are be i ng mad e  to control the i r  numbe r s . Al though i t  
m ight b e  argued tha t popul at ions wo u l d  be even h ig h e r  i n  the ab­
sence of pol l u t ion , i t  i s  e v i d e n t  tha t i f  s ub l e t h a l  e f fe c t s  are 
c aused by i ng e s ted o i l , t hey are not s i g n i f i c an t l y  impa i r i ng the 
s urv ival of the se spe c ie s . 

In a n umbe r  o f  c o u n tr i e s , con tro l agenc i e s  are s e t t i ng e f f l uent 
s tandards i nc re a s i ng ly in terms of suble thal thre shold level s .  
In a n umbe r  o f  i n s tance s , t h i s  s tand ard h a s  been appl i ed to re f i n ­
e ry e f f l ue n ts and prod u c t io n  wa ter d i scharges a t  o f f shore pl at­
forms . 9 8  I t  i s  no t c l e ar tha t l abor a tory " s ub l e th a l "  leve l s  o f  
po l l u tan ts have any s ig n i f i c an t e f f e c ts i n  n a t u r e . The appl i c a t ion 
o f  these s t and ards to  o f f shore prod uc t ion a nd re f i ne ry e f f l ue n t s  
shows e x t r eme and some t ime s unreasonab l e  c a u t io n , a nd m a y  b e  
e x treme ly wa s te f ul o f  re so urce s .  

Re se arch e f fo r t s  should , there fore , be d i re c ted toward d i s­
c over ing the impa c t  o f  po l l u ta n t s  a t  s ub l e thal concen tra t io n s  on 
pop u l a t ions of mar in e  organi sms and ecosystems . Th i s  f o c u s  w i l l  
make the l abora to ry i nv e s t i g a t ions more re l e v a n t  a nd a id i n  se t t i ng 
b iolog i c a l l y  r e a l i s t i c  e f f l uen t d i s c harge s tand ard s . 

B .  Long-Term E f f e c t s  

Ecolog i c a l  e f fe c t s  o f  a variety o f  o i l  sp i l l s  a nd o th e r  d i s ­
c harge s h a v e  b e e n  repo rted i n  nume rous pub l i c a t i o n s . 9 9- 1 0 3  
E f f e c t s  h ave ranged f rom temporary , l oc a l i zed k i l l s  o f  some shore 
commun i t i e s  to enhanced growt h of some spe c i e s  of phytop l ankto n . 
Fac tors tha t i n f l uence the s p i l l  impa c t s  c i ted pre v i o u s l y  i nc l ud e  
the type o f  o i l d i scharg ed , i ts vol ume , l o c a t i o n , a nd me thod s o f  
c l ean ing ( s uch a s  burn ing , chem ical remova l ,  d i spersant  s pray i n g , 
and me chan i c al recovery ) ; hyd rog raph i c  cond i t i o n s ; we athe r ; type s 
o f  b iolog i c a l  c ommun i t i e s  pre s en t ;  and t ime o f  year . 
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1 .  Shore l i ne E f f e c t s  

Immed i a te and shor t-term e f fe c t s  o f  s e v e r a l  o i l  s p i l l s  ( i n c l ud­
i ng the use o f  d i s pe r san ts ) are fa irly we l l  e s tab l i shed for many of 
t�e we l l  known s hore spe c i� s ,  f rom pr e- and pos �- sp i l l  s u rveys  and 
f 1 e ld and laboratory e xper 1me n t s . 1 0� - 1 1 0  Le s s  1 s  known o f  the 
long-te rm e f fe c t s  b e c a u se sea sonal and n a t ura l v ar i a t io n s  in many 
inte r t i d a l  org a n i sms are d i f f i c u l t to separate from the e f f e c t s  o f  
o i l  s p i l l s . Al tho ugh the seasons  o f  an n u a l  rec r u i tmen t  for many 
common sho re an ima l s  and p l a n t s  are known , n a t ur a l  f l uc tua t i ons  i n  
recrui tme n t  f rom ye ar to ye ar are s t i l l  be ing s t ud ied . 1 1 1 , 1 1 2  

There are a l so l o n g - term f l u c t u a t ions i n  d i s tr i bu t ion a nd 
abund ance tha t have some t ime s been re l a ted to c l ima t i c  chang e s . 
The se f l uc t u a t ions a l so compl i c a te the in terpre t a t ion o f  pos t-sp i l l 
s urveys . In i t i a l  obs e r v a t ions a l ong the sho re a t  Do un r e ay ( Br i t i sh 
I s le s )  fo l l owing the r e l e a s e  o f  1 7 , 0 0 0  g a l l o n s  o f  home hea t i ng o i l  
i nd i c a ted tha t 1 , 0 0 0 s e a  b i rd s and 2 0  t o  3 0  p e r ce n t  o f  the r e s id en t  
barnacle pop u l a t ion we re k i l l e d . Subsequent add i t i o n a l  mor t a l i t y  
wa s though t  to b e  r e l ated to d i spe r sant use . Howev e r , e x te n s iv e  
base l ine d a t a  f o r  th i s  area i nd i c a ted a l o n g - t e rm pop u l a t ion cycl e 
tha t wa s m i s s ed by the spo t s urveys . Wh en th i s  wa s take n i n to con­
s id e ra t io n , the e s t ima te s  of barnacle mor tal i ty we re red uced by 5 0  
percent , a nd no d e l ayed mo r ta l i ty wa s found . l lJ 

In many c a se s , r e cov e ry o f  shore org a n i sms f r om a s i ng l e  e x ­
pos ure t o  o i l  appe a r s  to be g ood , i f  no t compl e te , i n  o n e  t o  1 0  
yea r s . l l 4 -l l 9 However , l ong - t erm e f fe c t s  have been d o c umen ted 
for some o i l  s p i l l s . Fo l l owing the Torrey C anyon sp i l l , the ag e 
s truc t ur e s  o f  some rocky sho re popul a t i o n s  showed some abnorm a l ­
i t ie s  f o r  u p  t o  1 0  ye ar s . l 2 0  At some s a l t mar sh s i te s , pe trole um 
r e s id ue s  are s t i l l  pre se n t  in poorly o xyg ena ted sed ime n t s  a f te r  1 2  
ye ars . 

Al though s and y beache s genera l ly have l im i ted b i o l og i c a l  com­
mun i t i e s , they may be impo rtant for recre a t ional  a nd s c e n i c  p ur ­
po se s . Be ache s m a y  be s ub j ec t  t o  wave ac t ions tha t , d e pend ing upo n  
t he t ime of ye ar , d epo s i t  or erode s and . Ce r ta i n  t ype s o f  o i l  
read i l y  pene tra te the s and , form i ng a band a t  some d i s tance below 
the s ur f a c e . In mo s t  i n s ta n c e s , t h i s  o i l  i s  remov ed f a i r l y  r ap i d ly 
and we athers  as it is e xposed and wa shed back i n to the se a .  Such 
o il may have l im i ted adve rse e f f e c t s  on s ub t id al o rg a n i sms c l ose to 
the shore l ine . 

Al though the i n ter t id a l  zone s on e xposed h i g h  energy rocky 
coa s t s  are rapid l y  c l eaned by wave a c t io n , o i l thrown b eyond the 
upper h i gh t id e  zone ( s p l a s h  zon e ) may pe r s i s t  for l o n g e r  t ime s . 
S t ud ies  o f  the b io l og i ca l  e f f e c t s  of o i l i n  the i n te r t i d a l  z o n e s  
of beache s , t id a l  poo l s ,  a nd spl ash zone s h a v e  no t reve a l ed a n y  
serious l ong- term e c o l og i c a l  threa t . l 2 1 , 1 2 2  

Cl eanup proced u r e s  c an c au s e  ad verse e f f e c t s  i n  var i o u s  h a b i­
tats , e . g . , mar s h e s  and mud f l at s . l 2 3 Fo l l ow i ng the Amoco C ad i z  
o i l s p i l l ,  a heav i l y  o il ed ma rsh wa s c l eaned u s i ng he avy e q u i pm e n t  
tha t removed m uch o f  t h e  s ur f ace sed imen t , e x po s i ng the  g r an i t i c  
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basemen t .  Th i s  me thod o f  c l ean i ng has  l ed to a marked a l t e r a t i o n  
o f  t h e  mar s h  morphology , ope n i ng t h e  a r e a  t o  i nc r e a sed wave and 
c ur re n t  a c t i v i ty a nd re s ul tant eros ion . l 2 4 Re covery h a s  been 
sever e ly impa ired . Much ev i d e nce shows c l e ar l y  that no c l e anup 
wo uld be pr e fe rrable to s uc h  te c h n i que s . l 2 5 Ec o l og i s t s  should 
prov ide g u id ance for c l e a n up i n  these type s of  area s . 

c .  Spe c i a l  Popu l a t ions and E nv i ronme n t s  

Beca u s e  o f  the i r  prox imity t o  sp i l l s , h i gher t h a n  normal sen s i ­
t iv i t i e s , o r  pub l i c  i n te re s t , c er ta in popul a t i o n s  a n d  e nv i ro nme n t s  
d e s e rve spe c i al cons idera t io n . 

1 .  Comme r c i a l  Spe c i e s  i n  the P l ankton 

Plank to n  i n c l ud e  phytopl ankton ( pl a nt s ) and zoopl a nk to n  ( an i­
mal s ) .  Zoop l a nkton i nc l ud e  the egg s , l arvae , a nd fry o f  ad u l t  
an ima l s  t h a t  no rmal ly inhab i t  d eeper water s . Ne u s ton i c  org an i sm s  
( ne u s ton i s  an i n ex a c t  term ) gener a l l y  l iv e  very n e ar the s ur face . 
I t  h a s  been shown t h a t  the s ur f ace f i lm o f  the s e a  i s  e n r i c hed w i t h  
d i s so lved org a n i c  c arbon and carbohyd ra te . l 2 6 Th i s  f i lm conta i n s  
a d iverse pop u l a t ion o f  bac ter i a  and amoeba e .  Man y  org a n i sms o f  
c ommerc ial impo rtance are neus ton ic i n  the i r  early s tag e s . Th e 
floa t i ng eg g s  o f  pe l ag i c f i s h  ( cod , pl a i c e , a nd haddoc k ) may be i n  
d irec t con ta c t  wi th the s ur face f i lm in  c alm cond i t i o n s . Ma ny 
c r u s tac e a n  l a rvae , i nc l ud i ng those o f  c r a b s  and lobs ters , are a l so 
n e u s ton i c . l 2 7 

Lob s t e r  l arvae no rmal l y  l ive in  the top 2 0  c e n t ime ters of  
water . Th ey even tual l y  s i nk to the s e a  f l oo r . Co n t i n uous l abor­
a tory e xpos ure o f  l o b s t e r  l arvae to 1 part pe r m i l l i o n  ( ppm )  o f  
f resh o i l through o u t  the ir f i r s t  four s ta g e s  o f  d ev e l opme n t  re­
s u l ted in appro x ima t e l y  5 0  percent l ower s ur v i v a l  than in con tro l 
l arvae o r  tho s e  e xpo s ed to only 0 . 1  ppm c r ud e  o i l  i n  seawa te r . 
Those e xpos ed to 0 . 1  ppm were e n t i re ly no rmal i n  the i r  behav io r , 
d evelopme n t , a nd s ur v i v a l , e x cept for color . Th ey t ur ned from 
the ir norma l , almo s t  transparent pale b l ue to a l i g h t  red . In a s­
s e s s ing the s ig n i f i c an c e  o f  the se d a ta , o ne should remember tha t 
i t  i s  d i f f i c ul t to ma i n ta i n concentr a t ions  a s  h ig h  a s  1 ppm o f  
f r e sh o i l i n  the wa ter col umn under an o i l s l i c k . l 2 8 , 1 2 9 , 1 3 0 

Nume rous l abora to ry s t ud i e s  on e f fe c t s  o f  o i l  o n  zoopl ankton 
h ave repo rted a n umbe r o f  e f f e c t s : impa i red f e r t i l i z a t i o n  o f  egg s 
( se a  urch i n s ) ;  abno rmal d evelopment i n  l arvae , i nc l ud i ng the i n­
a b i l i ty to mo l t  i n  c r u s t a c e an s ; imp a i red embryo l og i c a l  d ev e l opme n t  
i n  sea urc h i n  egg s ; abnormal embryo s  i n  herr i ng egg s ; lowered s u r­
v iv a l  of  o rg an i sm s , f rom pro to zoans to l ar v a l  f i she s ;  mod i f i ed 
re s p i ra t io n , g rowth , feed ing , a nd s w imm i n g ; i nc r e a s ed bod y burd e n s  
o f  hyd rocarbon s ;  a nd c hang e s  o f  spe c ie s  a bund a n c e s  and compo s i t i o n . 

Th e se s t ud ie s , however , h ave inv a r iably u s ed abnorm a l l y  h ig h  
concen tr a t io n s  o f  o i l s  a nd/or the ir wa te r-sol uble  f ra c t i on s . The s e  
l aboratory s t ud i e s  have v a l ue in  compar i ng o n e  prod u c t  w i th ano ther 
and d e te rmi n in g  pos s i ble  e f fe c t s  on org an i sms . They have l i t t l e  
val ue fo r e x t r apo l a t io n  t o  po s s ibly adverse e f fe c ts o f  l ow l eve l s  
o f  h yd roca rbon s i n  wa ters und e r  sp i l l  s i t u a t ion s . 
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S t ud i e s  i n  a c h ron i c a l l y  pol l u ted area o f  the e a s tern Med i te r­
r anean found tha t  near- s ur face zoopl ankton i ng e s ted o i l . l 3 1 Th e 
to tal l i p i d s  i n  zoopl ank ton were 3 3  perc e n t  i n  the pol l u ted a re a  
a nd only 5 percent i n  uncontam i nated areas . Th e s e  hyd rocarbons 
appe ar to h ave h ad no me as urable phys io log i c a l  e f fe c t s . 

Ph ytopl ankton e xpo s ed to e i ther s i ng l e  h yd ro c a rbon s  o r  whole 
o i l s  h ave shown s t im u l a t io n  at l ow l ev e l s , and a t  h ig h  l e ve l s  
inh ib i t io n  o f  pop u l a t io n  g rowth i n  c e l l  n umbe r s  o r  c arbon 
f ix a t ion ; l 3 2 - 1 J 5 e x t e n s ion o f  the l ag phase o f  g rowth ; l 3 6 , 1 3 7 
and other phys iolog i c a l  e f f e c t s . l 3 8  

In l arge pl a s t i c  cyl ind e r s  imme rs ed i n  se awa ter , o i l wa s shown 
to h ave i nd irec t e f fe c t s  on plankto n . Fuel  o i l add ed i n i t i al ly a t  
2 0  ppm caused repl aceme n t  o f  the dom i n a n t  d i a tom by a m i c ro­
f l ag e l l a te . l 3 9  S im i l ar re s u l t s  were shown in l arge tanks o f  
s eawa te r . l 4 0  Due to the d i l u t ion and d i spe r s i o n  proc e s s e s  i n  
natural env i ro nmen t s , the re s u l t s , ba sed on s teady- s t a te e xpos ures 
i n  encl o s ur e s , may n o t  be compa rab l e  to real - l i f e  oc c u r renc e s . 

Dur i ng 1 9 7 8  and 1 9 7 9 ,  e as t  and we s t  coast o i l  sp i l l  r e s e a rch 
s h i pboard s urv ival  te s t s  were cond uc ted u s i ng n a t u r a l  zooplankto n  
pop ul a t i on s . In the 1 9 7 8  sou thern Cal i forn i a  te s t s , one spe c i e s  
from a var i ed n a t u r a l  pop u l a t ion o f  zoopl ankton s howed s ig n i f i c an t  
mor ta l i ty i n  wa te r from u n d e r  the u n t r e a ted o i l  s l ick . A s e cond 
spec i e s  showed s ig n i f i c an t  morta l i ty i n  wa ter f rom u nd e r  bo t h  th e 
untre a ted and treated s l icks . The exper ime n ta l  and contro l  an imal s 
o f  other spec i e s  showed no d i f fere nce s i n  mor t a l i ty . Th e 1 9 7 9  e a s t  
coast te s t s  showed no e f fec ts o n  zoop l ankton , i nc l ud ing those ob­
ta ined f rom und e r  chem i c a l l y  d i sper sed o i l  s l i ck s . 

The Argo Me rcha n t  sp i l le d  2 6 , 0 0 0  ton s  o f  re s id u a l  f ue l  o i l  a t  a 
c r i t i c a l  t ime fo r f i sh reprod uc t ion on the Ge org e s  Ba nk . A s l ick 
1 2 , 0 0 0  square m i l e s  i n  area wa s pred i c ted by some to re s u l t  i n  
d i s a s trou s e colog i c al e f f e c t s . Al though the e f f e c t s  o f  t h a t  spi l l  
were me as ured und e r  l e s s  than opt imum cond i t ion s , no ad v e r s e  e f­
f e c t s  on f i sh popul a t i o n s  have bee n proven o r  are pro j e c ted . l 4 1 

In a s t ud y by the Ma s s a chuse t t s I n s t i t ute o f  Te chno l og y , the 
probable b i olog i c a l  impac t of a 1 0 , 0 0 0 -to n o i l  sp i l l  in the Georg e s  
Bank wo u l d  be the l o s s  o f  l e s s  than 1 per cen t o f  a ye ar c l a s s  o f  
cod and h ad d ock l arvae . The se are the s pe c ie s o f  h i ghe s t  spawn ing 
concen t r a t i o n  i n  th i s  a r e a . Th e s t ud y  conc l ud ed , " I t appe a r s  un­
l i ke ly tha t a s i ng l e  l arge sp i l l  w i l l  h ave a no t i ce ab l e  e f fe c t  o n  a 
popul a t io n  o f  an ind iv i d u a l  spe c ie s , e spe c ial ly i n  v i ew o f  the f a c t  
that the se s pe c ie s  prod uc e man y  more o f fspr i ng t h a n  t h e  env i ro nmen t 
can s uppo r t  a t  ad u l thood . " l 4 2 

Mo re i n f o rmat ion i s  needed about the c h a r a c te r i s t i c s  o f  the 
actual plankton i c  and n e u s ton i c  env i ronme nt s . Fac to r s  s uc h  a s  w i nd 
and wave act ion need to be s t ud ied . Org an i sm s  i n  the ne u s to n i c 
zone may we l l  be e xposed i n  c a lm wa ter s ;  par t i c u l a r l y  b uoyant f i s h  
eggs , wh i ch may c ome i n to immed i a te con ta c t  wi th o i l . Ev en i f  s uc h  
con tac t i s  l e t h a l , howeve r , i t  may we l l  b e  r e l a t i v e l y  un i mpor tan t 
a t  the local popul a t io n  l ev e l  u n l e s s  spawn ing and d r i f t zone s are 
reg u l a r l y  o r  widely pol l u ted . 
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Ob ta i n i ng i n forma t io n  f rom f i eld s t ud i e s  i s  d i f f i c ul t , b u t  i t  
i s  impo s s i b l e  t o  s im u l a te the n e u s to n i c env i ronme n t  ad equa t e l y  i n  a 
l abora tory . The l ack o f  f i e ld d a ta i s  prob ably l ar g e l y  r e s pon s i b l e  
for the poor s ta te o f  c urrent knowl edge . 

2 .  Sea  B ird s 

Be cause o f  pub l i c  i n te r e s t  and the consp i c uo u s  n a ture  o f  the 
cas ual t ie s , the l o s s  o f  sea  b i rd s  t h rough o i l  pol l u t io n  a t trac t s  
more a t te n t io n  than any o ther po l l u t i on- i nd u c ed mo r ta l i ty i n  the 
sea . Spec ie s mos t  a t  r i s k  from o i l  pol l u t ion are the g re g a r i o u s  
d iv ing b i rds : auks ( g u i l l emo t , r a z o r  b i l l , a nd p u f f i n ) ,  d iv e r s , 
grebe s , some d i v i ng s e a  d u cks , and occ a s ional l y  c o rmo r a n t s  and 
shag s . Othe r spe c ie s  are rare l y  a f f e c ted i n  l ar g e  n umbe r s . 

Th e mo s t  s i g n i f i c a n t  thre a t  i s  from f l oa t i ng o i l , wh i ch d amag e s  
the wa te rproo f i ng and i n s u l a t ing proper t i e s  o f  t h e  pl umag e . De a t h  
i s  b y  d rown i ng ,  s tarva t io n , h ypo therm i a , o r  pneumon i a . Co ntam i n a t­
i ng o i l on t he pl umage may be tran s ferred to t h e  egg s  o f  ne s t i n g  
b ird s and preve n t  h a tch i ng . Ing e s ted o i l  has been s hown i n  l abor­
a tory s t ud i e s  to c a u s e  renal , l i ver , and i n te s t in a l  d amag e ; how­
eve r , there is no ev id ence tha t the l a t te r  f a c to r  has c a u s e d  
s ign i f i c an t  d amage t o  av i an pop u l a t ion s . 

Wh i l e  l arge o i l  sp i l l s  occurr ing when the b ird s are congrega t­
i ng cause numerous and we l l-p ub l i c i z ed c a s ua l t i e s ,  q u i te sma l l  o i l  
s l i cks , e spec i a l l y  o f  re f i ned prod uc t s , t h a t  p e r s i s t  and move w i t h  
t he t id e s  may c au s e  comparab l e  l o s se s .  It  seems h ig h l y  p robabl e  
t h a t  s uch fac to r s  a s  tanker wa s h i ng s , o i ly b i l g e  wa te r , a nd a c­
c id en tal d i s c h a rg e s  f rom coa s t a l  s to rage tanks are  r e spo n s i b l e  for 
many s e a  b i rd d e a th s . Chro n i c  inputs o f  pe t role um h yd rocarbon s to 
sea b ir d s  has been d ocume n ted . l 4 3 Lo s s e s  are accou n ted for by 
the n umbe r of d e ad or d amaged b i rds found o n  b e a c he s , s o  t he s e  d a ta 
are s ub j e c t  to con s i d erable unce r ta i n ty . Many b i rds  are l o s t  
be fore reach i ng shore , so t h e  t r u e  los s may be g re a t e r  t h a n  d a t a  
i nd i cate . Fu r ther uncer ta i n ty i s  i n trod u c ed b y  b ird s wa shed a shore 
tha t d i ed from o t h e r  c a u se s , b u t  became o i l ed a f te r  d e ath . l 4 4 

Fe ars  have been e xpre s s ed that  some pop u l a t i o n s  are  j eopard­
i zed by o i l sp i l l s , l 4 5  but rel a t i v e l y  few spe c ie s  have been af­
fec ted . l 4 6 Auk s , i n  par t i c ul ar , have a l ow reprod u c t i ve r a te , 
low ad u l t  mo rtal i ty ,  a nd con s id e rable l ongev i ty .  On theore t i c al 
g round s , it  is  pre s umed that  he avy ad u l t  a u k  mor t a l i t y  co u ld no t b e  
compe n s a ted fo r qu i ck l y . l 4 7 , 1 4 8  Breed ing popu l at i o n s  t h a t  are 
par t i c ul a r l y  at r i s k  from o i l  pol l u t io n  m i g h t  be d r a s t i c a l ly r e­
d uc ed fo r a l o ng t ime . Fo r a number o f  ye ar s , i t  wa s thoug h t  that  
o i l  pol l u t ion h ad s ub s t an t i a l ly red uced some pop u l a t i on s . For 
e xamp l e , i n  the 1 9 6 0 ' s  i t  wa s repo r ted t h a t  long - t a i l ed d uc k s  
m ig ra t i ng t hrough F i n l and h ad been red uced to a t e n t h  of t he i r  
f orme r  numbers l � 9 , 1 50 a nd tha t g u i l lemot and razo r b i l l  colon i e s  
on t h e  Newfound l and coa s t  h ad d e c l i ned c a t a s t roph i c a l l y  t h ro ugh o i l  
pol l u t i o n  o n  the Gr and Bank s . l 5l , l 52 

Th e sc i e n t i f i c  ev i d e nce that breed i ng popul a t i o n s  have b e e n  
red uced b y  o i l pol l u t ion h a s  come und e r  q ue s t ion . I t  i s  d i f f i c ul t  
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to make accur a te counts  o f  sea  b i rd s on c l i f f s , b u t  samp l e  c e n s use s 
i n  1 9 6 9  and 1 9 7 4  s ugge s t  tha t mos t  colo n i e s  had s ta b l e  n umbers , o r  
had i n cre a sed by more than 1 0  percen t .  Fe w c o l on ie s had d e c reased 
by more than 1 0  percen t . l 5 3  

I t  i s  rather s urpr i s i ng that s pec i e s  wi th l ow reprod uc t i ve 
pote n t i a l s  c an wi th s tand repe ated losse s wi tho u t  red uc t io n  o f  the 
breed i ng pop u l a t i on s . Appa ren t l y  yo ung b i rd s d o  no t norma l l y  j o i n  
t he breed i ng col on i e s  un t i l  they are fo ur to f i v e  ye ars o l d . A 
pop u l a t ion o f  s ubma t ure ad u l t s  e x i s t s  a t  sea , away f rom the bree d ­
i ng are a s . Th e onse t o f  reprod uc t ive a c t i v i ty may d epe nd mo re 
upon soc i a l  than phy s iolog i c a l  fac tor s , w i t h  yo ung b i rd s  mov i ng 
i n  to repl en i sh l o s s e s  i n  the breed i ng popul at ion . Th i s  phenomenon 
is though t to und e r l y  the rap id incre a s e s  in some auk c o lo n i e s , 
i n creases too g re a t  to be accoun ted for by t h e i r  breed i ng 
s uccess . l 5 4  

S im i l ar phe nomena probab ly expla i n  the re s i l i e n c e  o f  o ther 
s pe c i e s  a f t e r  l o s s e s  from o i l  po l l u t i o n . E i d e r  d ucks have a much  
greater reprod u c t ive po ten t i al than  auks , b u t  in  mo s t  ye ars only 1 0  
pe rcent o f  the c h i cks s urv i ve to f l ed g l i ng s i z e . l 5 5 Th e y  rema i n  
at tached t o  a par t i c ul a r  breed i ng colony thro ughout the i r  l i ve s . 
De sp i te th i s ,  t he l o s s  o f  2 5  t o  3 3  perce n t  o f  b reed i ng e id e r i n  the 
Aa l and I s l an d  ( Gu l f  of F i nl and ) to o i l  pol l u t ion appe a r s  to h av e  
b e e n  wi tho u t  long - t e rm e f f e c t s , a s  the breed ing popul a t ion wa s 
f ul l y  res tored i n  the fol l ow i ng ye ar . l 5 6  

There have been s ub s t an t i a l de c l ine s i n  auk c o l o n i e s  i n  s o u t h­
we s t  Eng l and , Wa l e s , a nd Br i t tany . Such col on i e s  are a t  the s o u th­
ern fr i nge o f  the geog raph i c  range s o f  the se s u b-Arc t i c  spec i e s , 
and the i r  d i s t r ib u t ions have been contra c t i ng northwa rd . Th i s  
trend appe ars to h ave begun i n  the l a s t  c e n t u ry , be fore the on se t  
o f  ser ious o i l  po l l u t io n , pe rhaps a s  a r e s u l t o f  c l ima t i c  chang e s . 
O i l  pol l u t ion may h ave h a s tened the d i s appearance o f  some o f  the s e  
sou thern colon ie s ,  mos t consp i c uou s l y  p uf f i n  c o l o n i e s  i n  Br i t tany , 
fol lowing the Torrey Canyo n , Amoco C ad i z ,  and o t h e r  pol l u t ion 
i nc id en t s . 

In s umma ry , c o n trary to earl ier expec ta t ions , i t  i s  now e v i d en t 
tha t l o s se s o f  sea  b i r d s  through o i l  pol l u t ion and o th e r  c a u se s , 
t hough he av y ,  hav e  had no d e tec tab l e  impac t  o n  b reed ing pop u l a­
t ions . The d e c l ine s o f  some s u b-Arc t i c  s pe c i e s  d o  no t appe ar t o  
have been pr imar i l y  c au s ed b y  o il po l l u t io n . l 57 

3 .  Mang rove Commun i t i es 

Mang rove areas are vu l nerable to o i l  sp i l l s  because mang rove 
pne uma tophore s ( breath i ng organ s ) are c l o s e  to the wa t e r  l ine and 
a re eas i l y  a f f e c ted by o i l . Ma ng rove s ho l d  a ke y po s i t io n  i n  s ub­
trop ical  and trop i c a l  e c o l ogy , a s  re se rvo i r s  for n u t r i e n t s  t ha t 
then pa s s  to the o f f shore wa ters and as breed i ng a r e a s  f o r  ma r i n e  
an imal s .  O i l  can  be tox i c  t o  the s e  o t h e r  o rg a n i sms i n  a swamp y 
mang rove are a , may d i srupt the f l ow o f  n u t r i e n t s  i n  t he se a ,  a nd 
could d amage the mang rove tre e s  thems e l ve s . I f  t he tree s are l o s t , 
the s tab i l i ty o f  the ecosys tem may a l so be l o s t , i n c l ud i ng the 
shel ters o f  a s sor ted f i s h  and shel l f i s h . 
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Al though mang rove s h ave been  d amag ed by o i l sp i l l s , the rap id 
b iodeg rad a t i o n  of o i l in trop i c al sed ime n t s  and wa ter s ,  a l o ng w i th 
the h igh prod uc t i v i ty r a te o f  man�rove s i normal l y  perm i t  impac ted 
c ommun i t i e s  to recove r rapid ly . l 5  , 1 5 9 , 60  Howe v e r , s ome d amag e 
may rema i n  for a t  l e a s t  s eve r a l  ye ar s . l 6 l 

Be c a u s e  mang rove e nv i ro nmen t s  are d i f f i c u l t  to c l e a n , pro te c­
t ion f rom o i l  sp i l l s should be g iven h ig h  pr i o r i ty i n  the se 
are a s . l 6 2  Mar s he s  a nd mud f l a t s  should be c le aned und e r  the 
g u id ance o f  e co l og i s t s  in the se areas . 

4 .  Coral  Commu n i t i e s  

Th e s e  impor t a n t  e c o sys tems have b e e n  s ug ge s t e d  t o  be se n s i t i ve 
to o i l con t am i na t i o n . l 6 3 , 1 6 4 , 1 6 5  Cor a l  ree f s  o f f e r  n a t ur a l  pro­
t e c t ion to a var i e ty of mar ine org a n i sms , are h i g h l y  prod uc ti v e , 
and the s e  ma t ure , d ive r s e  trop i c a l  c ommun i t ie s  co u ld be s l ow t o  
rec over from s e v e r e  d amag e . If the cora l s  d ie ,  e ro s i o n  r e s u l t s , 
w i t h  l o s s  o f  the ecosys tem and mo s t  o f  the d e pend e n t  org a n i sms ; 
t h u s , pro te c t i on o f  coral  commun i t i e s  d e se rv e s  pr i o r i ty c o n s i d er a­
t ion . l6 6  

Many coral  a r e a s  around the wo r l d  may e xper i e n c e  o i l  pol l u t ion . 
There are a n umbe r o f  accoun t s  o f  o i l  s p i l l s i n  the i r  v i c i n i­
t i es . l 6 7 , 1 6 8  No d e l e te r i ou s  e f fe c t s  on s ubmerged c o r a l  re e f s  
we re obs e rved a f te r  a maj o r  o i l  spi l l  i n  the F l o r id a Ke ys . l 6 9 I t  
wa s conc l ud ed tha t o i l  may repre s e n t  only a m i nor t h r e a t  to c o r a l  
ree f s , a nd s ubme rged cora l s  ev i d en t l y  s u s ta i n  l i t t l e  impac t . l 70 
Cor a l  e xposed by l ow t id e s  could be d amaged , b u t  i t s  muco u s  coa t in g  
appe a r s  t o  prov i d e  pa r t i a l  pro te c t io n . 

In l aborato ry and f i e l d  s t ud i e s , i t  wa s d emon s tr a ted that  
ree f cor a l s  and a s soc i ated s e a  urch i n s  are  qu i te t o l e r an t  to 
o i l . l 7l - l 7 4  Conc e n tr a t ions  o f  pe tro l e um hyd ro c arbon s requ i red 
to e l i c i t  s ig n i f i c an t  s ub l e t h a l  b iolog i c a l  r e s po n s e s  were s ig n i f i ­
c an t l y  h ig h e r  than expe c ted i n  the ree f h a b i t a t , e x cept po s s i b l y  
a f ter a l arge o i l  s p i l l . They a l so showed tha t cora l s  have very 
l im i ted ab i l i ty to ac cumu l a te pe tro l e um h yd roc arbons and r e l ease  
them q u i ckly wh en r e t urned to c l e an seawa t e r  ( a  phenomenon s im i l a r  
t o  the f l ush i ng a c t ion gener ated by o c e an c u r re n t s ) .  Howe v e r , 
other s tud i e s  have shown tha t d epura t ion i s  s l ow a nd b io a c c umul a­
t ion m ig h t  oc cur . l 7 5  

Lo ng - term o r  ch ron i c  o i l  po l lu t i on appe a r s  to have a g r e a te r  
e f f e c t  o n  cor a l s  a n d  c o r a l  r e e f  ecosys tems . Re se a r c h e r s  re por t 
tha t coral ree f s  expo sed to severe , c hro n i c  o i l  po l l u t io n  i n  the 
Red Sea were d e tr i me n t a l ly i n f l ue nced and s l owe r to r e cover f rom 
n a tur al c a t a s t rophe s . l 7 6 , 1 7 7  Low spe c ie s  d iv e r s i ty i n  Red Se a 
cora l s  f rom an a r e a  c h ron i c a l ly pol l u ted by o i l  h a s  been 
shown , l 7 8  s ug ge s t i n g  a l ack o f  recolon i z a t io n  by coral l a rvae . 

I I I .  C h ron i c  I np u t s  

Ind u s t r i a l  e s tu a r i e s  may rece ive freque n t  sma l l  s p i l l s  o r  
d i s charge s . Probl ems c an a r i se where many s uc h  sp i l l s  a f fe c t  the 
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same area of  s hore . In exper ime n ta l  p l o t s , i t  ha s been shown tha t 
many s a l t marsh plan t s , i nc l ud ing Spar t i n a  a ng l i c a ,  c a n  w i t h s tand 
four l ig h t  month l y  o i l i ng s  wi th f r e sh Ku wa i t  c r ud e  o i l , but d e c l ine  
wi th f ur t h e r  o i l i ng s . l 7 9  Ano ther s t udy h a s  shown that  l ugwo rms 
are erad i c a ted fol low i ng four s u c ce s s ive b imon thly e xper ime n ta l  
o i l ings  w i th f ive l i te r s  o f  Ku wa i t  c r ud e  o i l  per f iv e-me te r-square 
p l o t . l 8 0 

In contras t ,  c hron i c  expo s ur e  of  a m a r ine commu n i ty to both 
fresh and we a thered c r ud e o i l i n  the n a t u r a l  seep area of S a n t a  
Barbara Ch anne l , C a l i fo rn i a , c a used n o  s i g n i f i c an t  ad v e r s e  e f­
f e c t s  � po n growth r a te s , b i omas s ,  or the g e n e r a l  h e a l th of the 
commun 1 ty . l 8 l The only adve rse e f fe c t  wa s on the breed i ng 
po ten t i a l  o f  a s ta l ked barnacl e .  Coa t i ng o f  the o r g an i sms w i t h  
o i l caused he a t  a b s o rpt ion f rom the s un ,  i n c r e a s i ng t he o rg a n i sm ' s  
temperat ure . Gre a t e r  n umbe r s  o f  organi sms were con s i s te n t l y  found 
in  cores from the seep are a ,  thoug h commun i ty d en s i ty f l uc tua t ions  
were the  s ame at  both s ta t ion s . Th e d i f ference s be tween the two 
s ta t ions  we re g r e a te s t d u r i ng pe r iod s o f  peak a b u n d a n c e . 

In the seep are a , t he commun i t i e s  o f  o rg a n i sm s  we r e  l i v ing i n  
sed ime n t s  w i t h  g re a te r  t h a n  1 0 , 0 0 0  ppm o f  pe t role um . I t  wa s s ug ­
g e s ted tha t hyd ro c arbon- d eg r ad i ng and s u l f i te - o x id i z i ng bac te r ia 
s upport a d en s e r  pop u l a t io n  o f  i n f a un a . l 8 2 

Shor t-te rm b ioa s s ays o f  e ar l y  d eve lopmen t  s tage s o f  eg g s  o f  
the s t a r f i sh P a t i r i a  m i n i a t a  from the seep and con trol a r e a s  d id 
no t d emon s tr a te o i l adapta t ion . Increased s urv i v a l  r a t e s  were 
found fo r ad u l t  m u s s e l s  t ake n f rom the Coal Oi l Po i n t  seep a r e a , 
compared to con trol m u s s e l s  e xposed to o i l i n  aquar i a . l 8 3 A l s o , 
only m in imal ad ve r s e  e f fe c t s  o f  seep o i l  on the benth i c  c ommu n i ty 
i n  the seep area were s hown . l 8 4  

A .  Re f i ne ry E f f l u e n t s  

Coa s t a l  r e f iner i e s  d i f f er wide ly i n  ag e ,  s i z e ,  a n d  compl e x i ty . 
The i r d i scharges the r e fo re vary i n  amou n t  and type , a s  d o  the i r  
tre a tmen t s  pr ior t o  d i s charg e . Some no n-u . s .  re f i n e r i e s  u se o n l y  
pr imary tre a tment  ( g r av i ty sepa r a t i o n ) ,  wh i c h  r emov e s  m o s t  o i l  and 
coarse par t i c ul a t e  ma t te r . Al l o t h e r s  h ave add i t io n a l  me a n s  fo r 
remov i ng o i l  ( f l o c c u l a t ion and d i s so lved a i r f l ot a t ion ) ,  p l u s  b io­
log i c a l  tre a tme n t ( ac t iva ted s l udge and b io l og i c a l  pond s ) . F i na l  
e f f l ue n t s  compr i se vary i ng propo r t ions o f  proce s s , c oo l i ng , s to rm , 
and b a l l a s t  wa te r , and they may con ta i n  very sma l l  amo u n t s  o f  o i l , 
phe no l s , s ul f id e s , m e r c aptans , cyan id e s , ammo n i a , s ome h e avy 
me t al s , i norg an i c  s a l t s , s u s pended sol i d s , and po s s i b l y  o th e r  s u b­
s tanc e s . Me ta l s  and o ther " e xo t i c "  po l l u t a n t s  i n  e f f l ue n t s  a nd 
runo f f  f rom i nd u s tr i a l i zed areas  a long coa s ta l  wa ter s compl i c a t e  
the i n te rpr e ta t ion o f  pe troleum e f f e c ts a t  the commu n i ty l ev e l . 

In mos t  U . S .  re f i ne r ie s , the e f f l uen t m u s t mee t vary i ng s tr i c t  
d i scharge standard s . Fo r ex ampl e ,  t e s t  spec i e s  o f  f i sh m u s t  s ur­
v ive i n  und i l uted e f f l ue n t s  for d i s c harge i n to San  Franc i sc o  Bay . 
Surv ival in e f f l ue n t s  d i l u ted by o ne-h a l f w i th se awa t e r  i s  re­
qu i red for d i s c harge to Santa Mon i c a  Bay , s o u t h e r n  Ca l i forn i a . 
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Some r e f inery e f f l ue n ts i n  the Un i ted K i ngdom are l e s s  re­
s tr i c ted . Eco l og i c a l  s urveys in  the d i scharge a r e a s  o f  coa s ta l  
r e f iner ie s ( ma i n ly wi th pr imary tre a tme n t ) h av e  shown tha t  the 
n umbe r of spec i e s  and/or i nd i v i d ua l s  d id no t a lways d ec r e a se n e a r  
t h e  d i scharge po i n t . Th e g reate s t  chang e s  are a s so c i a ted w i th 
h ig h  vol ume s o f  e f f l ue n t s  d i s charged i n to s h e l te red c o nd i t ion s . 
Su c h  chang e s  may b e  reversed fo l low i ng e f fl uent  improveme n t . Fo r 
e x ampl e , a s a l t mar sh d e n uded by re f i ne ry e f f l ue n t s  i n  Sou thamp to n 
wa ters  h a s  shown par t i a l  recolo n i z a t io n  fo l lowi ng e f f l ue n t  
improveme n t . l 8 5 

We l l-d i spe r sed e f f l ue n t s  from some mod ern a i r-cooled re f i n e r i e s  
c a u s e  n o  ecolog i c al chang e s , e v e n  w i th o n l y  pr imary t r e a tme n t . 
The s e  e f f l ue n t s  are u s u a l l y  o f  l ow to tal vo l ume , comp a re d  w i t h  
those from pre- 1 9 6 0 r e f i ner ie s .  Ef f l ue nts f rom some o f  the o l d e r  
re f ine r ie s  h ave a l so n o t  i nd ica ted ad verse e f fe c t s , probably 
because o f  be t te r  d i s t r ibu t io n  i n to rece iv i ng wa te r s . 

Howe v e r , d i l u t io n  d o e s  not n e c e s sar i l y  av e r t  adverse e f fe c t s . 
Unl e s s  the d i s charge ecosys tem i s  capabl e o f  ad equa te l y  d e grad ing , 
me tabo l i z i ng , a nd a s s im i l a t i ng the compo und s d i scharged , tox i c  
l e ve l s  c a n  g r ad ua l l y  bu i ld up . 

B .  O f f shore O i l  F i e ld s  

To d a te , rou t i n e  mon i to r i ng 
c o n f i n ed l arg e l y  to hyd rocarbon 
mac robenthos in s e l e c ted areas , 
abundance o f  s e abed macrof auna . 
done on s pe c ie s  c ompo s i t ion and 
a nd f i sh . 

i n  o f f shore o i l  f i e l d s  h a s  bee n 
l eve l s  i n  f i sh , p l ankton , a nd 
and to spec i e s  compo s i t ion and 

Re l a t iv e l y  l i t t l e  wo rk h a s  been 
ab und ance of  p l a n k to n , me i o f a un a , 

In a 1 9 7 7  s t ud y  o n  the e f f e c t s  o f  prod u c ed wa te r d i scharged 
f rom a plat form sepa ra tor i n to a shal l ow b ay i n  the Gu l f  o f  
Mex i co , l 8 6  the wa te r s  conta i ned 1 0 ppm o f  hyd roc arbons and the 
sed ime n t s  conta i ne d  9 6 ppm .  Numbers of bo th i nd i v id ua l  and s pe c i e s  
o f  benth i c  org an i sms we re red u c ed w i th i n 1 5 0 me te r s  o f  t h e  pl at form 
and change s i n  organi sm abund ance were no ted fo r 1 8  mon th s . Th i s  
corre l a ted we l l  w i th naph thalene conce n tra t i on s  i n  the sed ime nts . 
However , the o i l  f ie l d  b r i ne a l so conta ined many o th e r  c on s t i ­
t ue n t s , s uc h  a s  phe no l s , me tal s ,  and h ig h  to t a l  d i s so lved s o l id s . 

De te c t ion o f  l ong- t e rm chang e s  i n  benth i c  c ommu n i t i e s  involv e s  
repea ted s urveys o v e r  a per iod o f  ye ar s . The f ir s t  area to be 
mon i to red i n  th i s  way wa s the Eko f i s k  o i l  f i e ld , where s urveys we re 
s ta r ted i n  1 9 7 3 . 1 8 7  By 1 9 7 7  i t  was po s s i b l e  to map an impac t 
a re a  around the i n st a l l a t i o n s  and d e sc r i be i n  some d e ta i l  the e f­
f e c t s  i n  t e rms o f  s pe c i e s  compos i t ion and a bund a nc e . l 8 8  I t  ha s 
not  been po s s i b l e  to sepa rate the e f fe c t s  o f  o i l , p e r  s e , f r om 
o ther f ac tor s . For e x ampl e ,  phys i c a l  d i st urbance o f  s ed i me n t  wa s 
impl i cated , a nd a sl igh t i n c rease i n  s i l t  conte n t  c l o s e  to the in­
s ta l l a t ion s may have been c a used by e i ther the d i s c h a rg e  of d r i l l ­
i ng mud o r  red i s tr ib u t io n  o f  sed ime n t s  r e s u l t ing f r om p i pe l i ne 
b ur i a l  o r  anchorag e . 
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The Gu l f  Un ive rs i ty Re search Conso r t i um c o nd u c ted an o f f s h o re 
ecology i nve s t ig a t ion i n  the Gu l f  o f  Mex ic o . The s e  e x te n s ive 
s t ud ie s we re unable to f i nd any e f f e c t  d i rec tly l inked to l ong- term 
pe trole um opera t ion s . The are a ' s  l arge n a t ur a l  var i a t ion a nd i n­
f l uences o f  d i scharg e s  from the Mi s s i s s i pp i  Ri ver appe ar to have a 
much greater i n f l u e nc e  on the c ommun i ty s t r uc t ure a nd f unc t ion s 
than do pe tro l e um ope r a t i ons . l 8 9 Oi l sp i l l s  d ue to b l owo u t s  i n  
o f fshore wa te rs appe ar t o  h ave prod uced n o  s ig n i f i c an t  adv e r s e  
s ub-sea e f f e c t s . S t ud i e s  fol l ow i ng t h e  Ch e v ro n  Ma i n  Pa ss B l oc k  4 1  
sp i l l  i n  the Gul f  o f  Me x ico showed no corre l a t ion be twe e n  b i o­
l og i cal parame te r s , s uc h  a s  the num be r  o f  b e n th i c  spe c ie s , and the 
h yd rocarbon con ten t of the sed imen t s .  Extens ive trawl s amp l e s  
showed no al terat i o n  i n  t h e  annual l i fe cyc l e  o f  c omme rc i a l ly 
important shr imp . B l ue c rabs were obse rved thro ug h o u t  the sp i l l  
are a , and the n umbers and spe c ie s  o f  f i sh c o l l e c ted we re c ompar able  
to  pr ior s urveys . l 9 0  

The Eko f i s k  o i l  sp i l l , i n  the d eepe r wa ters  o f  t h e  Nor t h  Se a ,  
a l so ind i c a ted no s ig n i f i c an t  adverse s u b- s ea e f fe c ts . Ev e n  the 
very l a rge o i l  d i s charge from the Ix toc bl owo u t  in the Bay o f  
Campeche , Gu l f  o f  Me x i co , a ppe ars to have had m i n im a l  o r  n o  ad verse 
e f f e c t s  i n  o f f s hore wa ter s .  The se s t ud ie s s ug g e s t  tha t o f f shore 
o i l sp i l ls are no t l i ke ly to cause s i g n i f i c a n t  env i ro nme n t a l  d amage 
except to b i rd s ,  sho u ld any be pre s en t , and shore l i ne s , i f  the o i l  
sho u ld strand there . 

I V .  S ig n i f i cance o f  O i l  Po l l u t ionl 9 1  

The s ig n i f i c ance o f  a ny env iro nme n t a l  pol l u tan t depends upo n  
i ts threat t o  h uman he a l th and i t s  d amag e t o  b io l og i c a l  resource s ,  
commerc i a l  i n t e re s t s , and amen i t ie s . He a l th h a z ard s as soc i a te d  
w i th o i l  po l l u t io n , a s  d i sc us sed i n  the nex t  s e c t ion , a ppe ar t o  b e  
ins ign i f ic an t . The f o l l owing sect ions d e a l  w i th d amage to l iv i ng 
resources in  the se a .  

The d i f f i c ul ty o f  a s s e s s i ng the b iolog i c a l  impac t  o f  o i l  po l­
l u tio n i n c l ud e s  tha t e ncoun tered in  eva l u a t i ng the impac t  of  o th e r  
pol l u tan t s . Th i s  i s  compounded by t h e  e x treme l y  compl i c a ted and 
var iab l e  nature of o i l . Th e prec i se compo s i t i o n  o f  any pe tro l e um 
o i l  or re f i ned prod uc t beg i n s  to change f rom the momen t  o f  d i s­
charge , by phys i c al we a the r i ng , b ac te r i a l  a l te r a t io n , a nd me ta­
bo l i sm by other mar i ne organ i sms . The d i f f ic u l t ie s  o f  a s s e s smen t 
are in  par t techn i c al and could be red u c ed by improved knowl ed g e  o f  
the f unc t i on i ng o f  mar in e  ecosys tems . 

The techn i c a l  d i f f i c u l t ie s  ar i se i n  part f rom a m i sma tch b e­
twe e n  i n  s i tu f i e ld ecolog i c al and l abora tory s tud ie s .  The l a tte r 
have re ached a h igh d egree o f  soph i s t ic a t io n , b u t  g e n e r al l y  h av e  
not been rel a ted to ecolog i cal advances o r  t o  r e a l -w o r l d  cond i t io n s  
( e . g . , conc e n tr a t ions o f  o i l  i n  the envi ronmen t ) .  I t  i s  o f ten i m­
pos s i ble  to tran sl ate the l abora to ry r e s u l t s  i n to re a l - l i fe terms . 
In add i t ion , recen t  d eve lopments  i n  mar i ne e c ology h ave reve aled a 
n umber of f e a tur e s  o f  ma r i ne ecosys tems , part i c u l ar ly i n  r e l a t i o n  
to natural f l u c t ua t io n s  and gene t i c  v a r i a b i l i ty ,  wh i c h  c a l l  for 
increased soph i s t ic a t ion i n  pol l ut ion s t ud ie s . 
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The fol l ow i ng f ac to r s  need to be con s id ered be fore one c an 
real i st i c a l ly and obj e c t iv e l y  a s s e s s  the b io l og i c al impac t o f  o i l  
on the mar ine e nv i ro nmen t .  

A .  H uman H e a l t h  

From t ime t o  t ime , f e a r s  h ave b e e n  e xpre s s ed tha t polycyc l i c  
aroma t i c  hyd roc a rbons ( PA H ) f rom o il , wh i ch may b e  carc i no g e n i c , 
could a c c um u l a te i n  s e a food s and so pre s e n t  an i n c r e a s ed r i s k  o f  
c ancer to h uman s . l 9 2 - 1 9 6 Stud i e s  h ave shown tha t mar ine o rg an­
i sms , par t i c ul ar l y  b ivalve mol l usks , w i l l  take u p  PAH f o l lowing a 
pol l u t ion inc ide n t . In the l aboratory , who l e  t i s s ue l ev e l s  have 
incre a sed by as m uch as 1 0 0 to 1 , 0 0 0  t ime s backg ro u nd l ev e l s . 

As d i s c u s se d  pre v i o u s ly , mechan i sms e x i s t  for d ep ur a t ion a nd /or 
me tabol i sm o f  these accumu l a ted PAH c ompound s . Ch ro n i c al l y  a c c umu­
l a ted aroma t ic hyd roc arbo n s  are only ve ry s l owly d ep ur a ted by 
Mercenar i a , in marked contrast  to tho se a c c um u l ated by b iv a l v e s  
fol lowing temporary a c u te e xpos ure s . l 9 7  Th i s  slow d e p u ra t io n  
could expl a in the re l a t ively h ig h  t i s s ue concen t r a t i o n s  o f  PAH i n  
b ivalve s  f rom s i te s  f requently e xpo s ed to o i l  a nd /o r o ther 
pol l u tan ts . 

Co ntr i b u t i o n s  o f  PAH f rom petro l e um sources should be p l aced i n  
perspe c t ive . On an ocean i c  scale , o il i s  only a m i nor source o f  
PAH ,  c ompared to terre s tr i a l  runo f f  and atmosph e r i c  inputs . It 
only become s  important l o c a l l y  i n  case s o f  a c ute s p i l l s  and d i s­
c harg e s ;  a nd eve n  the n , i n  the conte x t  o f  any h e a l th ha z a rd to man , 
norma l l y  o n l y  i n t e r t id al and immed i a te ly s ub l i ttoral org a n i sms are 
a f fec ted . 

Compa r i so n  o f  the ave rage concen tra t io n s  o f  PAH i n  m a r i n e  
an ima l s  and other food s t u f f s  show them t o  b e  s im i l a r , a l tho ugh many 
foods t uf f s , par t i c u l arly smoked me a t  and f i sh ,  g eneral l y  have h ig h­
er concentra t ions than mar ine an ima l s . l 9 8  Whe ther the s e  conce n­
tra t ions of PAH c on s t i tute a heal th h a z a rd is s t i l l  und e f i ned . I t  
i s  apparen t l y  s t i l l  a ma t te r  o f  d ebate whe ther t h e r e  i s  a n y  d o s e ­
re sponse re l a t i onsh i p  f o r  cancer i nd u c t ion i n  man , o r  a threshold 
dose below wh i c h  c arc i nogens d o  no t i nd uce c ance r .  I f , for e x­
ampl e ,  there i s  an e f fe c t ive thre sho ld for i n take o f  PAH ,  t he 
c r i t i c a l  q ue s t ion r ema ins whe ther t h i s  thre shold i s  e x c eeded by 
the PAH conte n t  o f  con tam i nated ma r ine food s tu f f s . Un t i l  o ther 
aroma t ic hyd roc arbon s ,  s uch a s  ben zene , naph th a l en e , and anthr a­
cene , and/or the ir me tabol i c  prod u c ts , h av e  been id en t i f i ed i n  
ed i b l e  mar ine an ima l s ,  the se con s t i t ue n t s  o f  pe t role um sho u ld no t 
be cons i d e red a h uman he al th ha zard . l 9 9 , 2 00 , 2U l 

B .  Natural  F l u c tu a t ions 

It is  now apparent tha t mar ine e cosys tems undergo erra t i c  
long-term f l uc t ua t ion s , some t ime s o f  con s iderable magn i t ud e , f rom 
n a tural caus e s .  Th i s  has been d emons trated i n  the rec ru i tment o f  
c ommerc i a l  f i sh s pe c i e s  i n  the North At l an t i c  and North Se a ,  i n  the 
c ompo s i t ions o f  No rth At l ant i c  pl ankton , and in rocky coas t l i n e  
intert idal and benth ic i n shore s ed iment s . Too f e w  s urveys h ave 
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been cond u c ted long enough to reveal how w i d e spread th i s  phenomenon 
i s , but i t  i s  e xpec ted to be s ig n i f i c a n t , par t i c ul ar l y  in tempe r­
a te ma r i n e  envi ronme n t s . Some idea o f  the n a t u r a l  chang e s  i n  
the s ed ime n tary ben tho s c an be obta i ned f rom several  p ubl ic a­
t ions . 2 02 , 2 0 3 , 2 0 4 Far l e s s  i s  known abo u t  n a t ur a l  f l u c tua t ions  
i n  s ub t id al rock c ommun i t ie s . 

The c a u s e  o f  these f l uc t uat ions i s  poor ly u nd e r s tood , but 
appears to be r e l ated to c l ima te . In c rease s i n  me an w i n te r  s e a  
temperat ure o f  o n l y  0 . 5 ° C be tween 1 9 6 5 - 1 9 7 0 a n d  1 9 7 1 - 1 9 7 6 were 
a ssoc i a ted w i th a subs tan t i a l chang e i n  spe c i e s  d om i na n c e  in 
sed ime n t s  off the northe a s t  coa s t  of Eng l and . Th i s  tempera t ur e  
change had l i tt l e  e f fe c t  on the to tal prod u c t io n  o f  t he commu n i ty ,  
but the ava i l ab l e  energy wa s progre s s i ve ly tra n s fe rred f rom one 
s u i te o f  spe c ie s  to ano the r tha t c l early thr ived be t t e r  in the 
changed e nv i ro nmen t . 2 0 5 

Inter t id a l  areas are even more e xpo sed to c l ima t i c chang e s  and 
can und e rg o  d rama t ic a l te r a t io n s  th roug h a cha i n  r e ac t ion . On a 
rocky shore i n  northe a s t  Eng l and

2 
equal ly s u i table f o r  l impe t s , 

barnac l e s , muss e l s ,  o r  se awe ed s ,  0 6 a heavy s e t t l eme n t  o f  mu s se l s  
d e s troyed a l l  o f  the other spe c i e s  i n  1 9 6 7 .  Severe compe t i t io n  fo r 
space r e s ul ted i n  an un stab l e , h ummocky deve lopment o f  the m u s se l s , 
and they were s wept away d ur i ng s to rms i n  March 1 9 6 8 .  The ro cks 
were th us ava i l ab l e  fo r colon i z a t ion by b arnac l e s  in Ju n e , b u t  they 
and the l impe t s  h ad been e l im inated by the mus s e l s  i n  1 9 6 7 .  The 
d e s truc t i o n  of the musse l s  occurred when young l impe t s  c o u l d  have 
recolon i zed the rock s . In the absence o f  the s e  h e rb i vore s , d ia toms 
and algae moved i n , prev e n t i ng the e s tab l i shme n t  of a barnac l e  
popul at io n , and the are a bec ame temporar i l y  d om i na ted b y  se awee d . 

A var ie ty o f  c l ima t i c  f a c tors appe ar to i n f l uence the re pr o­
d uc t io n  o f  l impe ts , a nd the i r  s urv ival newly s e t t l ed o n  rocks and 
as  ad u l t s . 2 0 7 Los s  of ad u l t s  or fa i l ure of the young to colon i z e  
perm i ts the e s t abl i shmen t  o f  a dense cov e r i ng o f  se awe ed , t he reby 
e l imina t i ng barna c l e s  and inh i b i t i ng the r e-e s tab l i s hme n t  of 
l impe ts fo r seve ral ye ar s . 

S im i l ar e f fe c ts have been record ed for purely n a t ural  reaso n s . 
The m i ld win ter o f  1 9 6 6 - 1 9 6 7  a l l owed young dog whe lks Tha i s  to 
c on t i n ue to f e ed and g row , so much so tha t they b e c am e  too b ig to 
be e a te n  by the p urple sand p i pe r , wh ich normal l y  con tro l s  the i r  
number s .  Th e  l arg e numbers o f  dog whe l ks ravaged the m u s s e l s  on 
the beach , l e av i ng space for colon i z a t io n  by barnacle s ,  w i th a co n­
seque n t  change in the local  ecosys tem . 2 0 8 Re po r t s  o f  a n umber o f  
s im i l a r  exampl e s  show the c r i t ical impor tance o f  c e r t a i n  preda tor s . 

Na tural f l u c tua t i ons h ave the fo l l ow i ng impo r t a n t  conseque n c e s  
for inve s t igat ion and a s se s smen t  o f  mar ine pol l u t io n : 

• Even when a source o f  po l l u t ion i s  known , d e ta i led and 
prolonged s t ud i e s  may be necess ary to e s tab l i sh tha t i t  
alone i s  c a u s i ng a change i n  an ecosys t em . 

• Many pol l u t io n  impac t  s t ud i e s  employ a ne i g hbo r i n g  u n­
po l l u ted s i te a s  a control or re ference po i n t . Howe v e r , 
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because n a t u r a l  f l uc t u a t ion s may be very l o ca l , the re f­
e rence po i n t  may no t be neces sar i l y  r e l i a b l e  fo r d emon­
s tra t ing pol l u t io n  d amag e . The r e l i ab i l i ty o f  ne i ghbor i n g  
contro l l ed a r e a s  i s  l ikely t o  d epend upon l o c a l  c ir c um­
s tance s ,  wh i ch need very care f ul a s s e s smen t .  

• I f  the " no rma l "  cond i t ion o f  an ecosys tem i s  d ynam i c  rather 
than sta t i c , po s t-po l l u tion s t ud ie s  that me a s u r e  recove ry 
are f aced w i th cons iderable uncerta i n ty abou t  when th e 
e cosys tem h a s  r e t ur ned to " norma l " and recove ry i s  c ompl e te . 

Na tural ecosys tem f l u c tu a t i o n  h a s  been i n s u f f i c i e n t l y  appr e c i a te d  
in  t h e  pas t ,  and h a s  undo ub ted l y  l ed t o  e rroneo u s  conc l u s ions . 

C .  Gene t i c  Var i ab i l i ty 

The re i s  g rowing ev idence o f  h igh g e ne t i c  var i ab i l i ty i n  many 
mar i ne o rg an i sms . Ex amp l e s  are kn own o f  g e no type s t h a t  have 
q u i ckly adapted to a par t i c ul ar se t o f  local cond i t ions . 2 0 9  It  
i s  s us pe c ted tha t a c ommo n tac t i c  fo r s ur v i v a l  in  ma r i n e  spe c i e s  
may b e  the n a tural s e l e c t io n  o f  v iabl e g e no type s ,  rather than 
i nd iv id ua l s  h av i ng w i d e  to l e ranc e s  o f  e nv i ro nme n t a l  cond i t i o n s , 
wh i c h  may e xpla i n  the apparen t  con trad i c t io n  be t we e n  the re s ul t s  
o f  l aborato ry to x i c i ty te s t s  ( wh i ch tend t o  b e  cond u c ted o n  g e ne t i ­
c a l ly homogeneous an ima l s )  and nat ural even t s .  Several s trand s o f  
evidence s uppo r t  th i s  conc l u s io n : 

• Ge ne t i c  s t r a i n s  o f  a wo rm tol erant to pe tro l e um hyd roc arbo n s  
have been d eveloped i n  t h e  l abora to ry w i th i n  f i ve t o  t e n  
generation s , e ach g e ne r a t i o n  l a st i ng a f e w  we eks . 

• �me " oppo rtun i s t i c "  s pe c ie s  ( e . g . , C ap i te l l a ) tha t rapid ly 
colon i ze are a s  pol l u ted by o i l  or o t h e r  cont am inants  are 
gene t i cal ly v e ry variable and are now reg arded as spe c i e s  
comp l e xe s .  

• Organi sms inhab i t ing some pol l u ted are a s  are g e ne t i c a l ly 
d i f fe ren t from popul a t ions e l s ewhere . Some t i m e s  th i s  
d i f f e rence h a s  been in terpre ted a s  e v i d e nc e  o f  pol l u t io n  
" d amag e , "  bu t may a l so re f l e c t  a natural  adapta b l i ty to a 
var i e ty o f  e n v i ronme n t a l  cond i t io n s . 

A n umbe r o f  theore t i c a l  cons idera t ions a r i se f rom s uc h  o b s e rv a­
t ions . Spe c i e s  wi th h ig h l y  d i spe rsed larval s ta g e s  w i l l  be a b l e  to 
evo l ve tolerant s tra i n s  only i f  the area s ub j e c t  to pol l u t ion i s  
c on s i d e rably l arger than the area o f  d i spe r s i o n . Othe rwi se , s ub se­
quen t gener a t ions w i l l  be rec r u i ted f rom o u t s ide the area of pol l u­
t io n  and b r i ng i n  " un se l ec ted " geno type s .  � e  l arva l  s tr a tegy i s  
there fore a n  e x tr eme l y  important f a c tor i n  d e te rm i n ing whe th e r  
l oc a l l y  s e l e c ted ge no type s w i l l  d om i n a te o r  b e  s wamped b y  wi l d  
g e no type s f rom out s ide t h e  pol l u ted are a . 2 1 0  Th i s  s i t ua t ion a ls o  
y i e ld s  hyb r id s  that may b e  g e ne t i c a l l y  d i s s im i l ar to both par e n t s  
( cros s -breed ing ) .  
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D .  Rare Spe c i e s  

Some orga n i sms l ive a t  t h e  f r i ng e  o f  t he i r geograph i c  r ange and 
h ave a pr e c ar i o u s  thre sho ld . The i r occurrence a t  par t i c u l ar s i te s  
may be sporad i c , and sl i g h t  change s i n  c l ima te o r  s e a  tempe r a t ur e  
have a d i spropo r t i onately g reat i n f l ue nce o n  the i r  d i s t r ib u t ions . 

If they are � l im i n ated from a par t i c u l ar s i te by po l l u t io n  ( o r 
from any other c a u s e ) ,  the i r  reappe aranc e , once the s o u r c e  o f  d i s­
t urbance i s  removed , i s  a matter o f  c hance and may b e  s l ow . Con­
d i t ions at the s i te may be on l y  marg inal l y  s u i tabl e , or the  n e x t  
neare s t  popu l a t io n  i s  a t  a d i s ta nce . If  a s pe c i e s  i s  i n  f a c t  
reced ing ( as wi th some s u b-Arc t i c s e a  b i rd s ) ,  l o s t  f r inge pop u­
l at ions may n o t  be r e s to red a t  a l l . 

E .  Key Spe c i e s  

Mar ine eco sys tems are d e te rm i ned i n i t i a l ly b y  t h e  n a t u r e  o f  the 
s ubs tra t um and by other phys ical  factor s . Ne a r l y  a s  impor tant are 
i n te rac t ions b e twe e n  a n umber o f  c r i t i c al spe c ie s . On i n te r t i d al 
rocks , h e rb ivorous l impe t s  gra ze down algae , so the i r  pre s e nce o r  
absence d e te rm i ne s  wh e ther o r  no t the sho re i s  c o l o n i z ed b y  b ar­
nacles or by seawe e d s  and a r ich as soc i a ted f a un a . In  the s ub­
l i t toral z o ne , sea urch i n s  have the s ame d om i n a t i ng i n f l u e n c e . 

Carn ivore s tha t control the popu l a t io n s  o f  d om i na n t  he rb ivores 
are equ a l ly impor tan t .  The depl e t ion o f  lobs ter s ( th ro ug h  ove r­
f i sh ing ) on the No va Sc o t i a  coast has  been fo l l owed by an in­
crease i n  the s e a  urch i n  pop u l a t io n . The s e  s e a  urc h i n s  overgra z e  
t he coa stal  algae , c re a t i ng a " d e ser t "  and s ub st an t i a l ly reduc ing 
local prod uc t io n . 2 l l  

F .  Re cove ry f rom Po l l u t ion Damage 

The s ever i ty o f  pol l u t ion d amage d epe nd s l e s s  o n  i t s  i n i t ia l  
e ffects than o n  how l ong the po l l u t ion pe r s i s t s . As soon as the 
source is r emoved , recove ry beg in s .  For th i s  rea so n , m i nor bu t 
chron ic po l l u t ion i s  l ikely to cause prog re s s ive d e te r io ra t ion o f  
the a f fected ecosys tem and u l t ima te ly to b e  more d amag i ng t h an a n  
i so la ted po l l u t io n  i n c i d en t . 

Re colon i z a t io n  o f  d amaged areas i s  prog re s s i v e . The f i r s t  
arr iva l s  a r e  hardy , " oppor t un i s t i c "  spec i e s ,  po s s ibly w i th g rea t 
genetic  var i ab i l i ty tha t i n c l ud e  geno type s that  s urv ived i n  s ub­
opt imal cond i t i on s . Mob i l e  spec ies and those w i th s h o r t  g e nerat io n 
t ime s and repe t i t ive breed i ng a l so can recolon i z e  s u c h  an area a s  
soon a s  cond i t ions are tolerabl e . Spec ie s tha t are r e l a t i ve ly i m­
mob i l e  depe nd upo n the ir mob i l e  l arva l  s ta g e s  to re c o l o n i ze an im­
pac ted are a . As mos t  s pe c i e s  breed seasonal ly , much d ep e nd s upo n  
whe n  the po l l u t io n  d amage occurs . If there i s  a l o ng i n te rv a l  
be tween t h e  d amage and t h e  ava i l ab i l i ty o f  colon i z i ng l arvae , o ther 
spe c ie s  may have e s ta bl i shed thems e l v e s  and w i l l  e x c l ud e  newcomers . 

Two aspe c t s  o f  recovery f rom po l lu t io n  d amage requ i r e  d i spas­
s iona te con s id e ra t io n . F i r s t ,  pol l u t io n  ( and s ome t ime s the recov­
e ry proc e s se s )  c ause s envi ronme ntal chang e . The r e  is a g e neral 
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con sens u s  that i n  some c a s e s  the change i s  h armf u l , b u t  i n  othe r 
i n s ta n c e s  the i s s ue i s  l e s s  we l l  d e f i ned . Cha n g e s  i n  spe c i e s  
d iver s i ty , b iomas s ,  o r  b io l og i c a l  prod uc t io n  ( common mea s ur e s  o f  
pol l u t i o n  impac t )  a l l  requ i re careful  i n terpr e ta t i o n  ag a in s t  the 
background of n a t ur a l  f l uc t u a t io n . Furthe r , a l though chang e may b e  
d emons trated , i t i s  not  invar i ably c l e ar t h a t  i t  i s  nec e s sa r i ly f o r  
t h e  wors t .  

Second , bec a u s e  mar i n e  ecosys tems are f l uc t ua t i ng d ynamic 
e nt i t i e s , r e covery c anno t be me as ured by a re t u r n  to prec i se ly the 
pr e -d amage s i t ua t io n . The few long-term s t ud ie s  cond uc ted h av e  
s hown tha t l ong- te rm natural f l u c tua t i o n s  o c c u r  d ur i ng the recove ry 
per iod . Also , s pe c i e s  that are rare and s porad i c  i n  the i r  o c c u r ­
rence may o r  may n o t  reappear , a nd i t  m a y  be many ye ars be fore the 
age s tructu re s  of pop u l a t ions of organ i sms mak ing up the c ommun i t y  
return to wh a t  they we re pr io r t o  d amage .  From wh a t  we know o f  
und amaged ecosys tems , howeve r , change s o f  t h i s  k ind may b e  w i t h i n  
the normal rang e o f  v a r i ab i l i ty .  I t  i s  more r e a l i s t i c  t o  regard 
recove ry a s  the re s tora t io n  o f  a heal thy , d yn a m i c  ecosys tem , rathe r 
than the r e s to r a t ion o f  a status  quo . Be tter und e r s tand i ng o f  
the se n a t ur a l  phenomena wo u ld br i ng g re a ter rea l i sm t o  the a s se s s­
men t o f  po l lu t io n  d amag e . 
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Keys ton e , Colarad o . Ame r ican In s t i t u te o f  B io l og i c a l  Sc i ence s : 
1 9 7  9 .  
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C HAPTER SEVEN 

ENERGY FAC I L I TY S IT ING 

INTRODUCT I ON 

I .  Background 

In ma ny c a s e s  the requ i reme n t s  gove rn i ng e n ergy deve lopme n t  
h ave no t ye t been f i rmly d e f i ned . Th e se requ i reme n t s  l e ng then the 
l e ad t ime for plann i ng o f  n ew , o r  e xpan s ion of e x i s t ing , i n d u s tr i a l  
f ac i l i t i e s . Th e exac t e x te n t  o f  ad d i t i o n s  t o  l e ad t ime var i e s  
wid e l y  from o n e  c a s e  t o  anothe r ,  d epend ing upo n  wh i ch perm i t  r e ­
q u i remen t s  apply t o  a n  i nd iv idual case and wha t  d i f f ic u l t i e s  they 
pre s en t . For m a j o r  e xpan s ions i n  any f ie ld o f  heavy i nd u s t ry , h ow­
eve r , t he d e l ay r e s ul t i ng from federal requ i reme n t s  is l i ke l y  to 
add one to three yea r s  to the l e ad t ime for the pro j ec t .  Moreove r ,  
in  many c ase s there may b e  a po s s i b i l i ty throug hou t the reg u l a to ry 
proce s s  tha t approva l o f  the pro j ec t  w i l l  be d e n ie d . ! 

Th i s  chapter d e a l s  almo s t  exc l us ive ly w i th e n v i ronme n ta l  f a c ­
tors impact ing f ac i l i ty s i t i ng . Th ere are a n umber o f  o th e r  fac­
tors tha t may h ave an equal o r  greater impac t o n  f ac i l i ty s i t ing . 
Some o f  tho se o ther f a c tors  i n c lud e prob l ems s uc h  a s  f i nance s ,  
l abo r , ma ter ial  and equ i pmen t  s upply , trans po r t ,  a nd no n -e n v i ro n ­
me n tal reg ul ato ry pe rm i ts . 

I I .  Laws and Reg u l a t ions App l i c able to Fac i l i ty S i t i ng 

Go ve rnme n t  l aws and reg ul a t ions  a t  al l leve l s  -- federal , 
state , and loca l  - - h ave placed a n umbe r  o f  con s tra i n t s  on a l l  o f  
the ba s i c ind u s t r i e s  i n  t h e  nat ional e conomy . Ta b l e  7 8  i d en t i f i e s  
1 6  ma j o r  l aws tha t cons tra i n  e nergy pro j e c t s . 2 

The pe rm i t t ing proc e s s  doe s no t d e a l  s o l e l y  w i th env i ronme n ta l  
cons i d e r a t ions , b u t  env i ronme ntal cons i d er a t i o n s  have r e c e n tly be­
come more impo r ta n t  than e conom i c  d emand s . 3 Several a t tempt s 
have be e n  mad e to pred i c t  the n umbe r o f  e nv i ro nme n t a l  perm i ts re­
qu ired to d eve l op an energy pro j ec t .  For e x ampl e ,  the Depar tme n t  
o f  En ergy ( DOE ) h a s  e s t ima ted tha t over 2 0 0 o f  t h e  4 0 0 perm i t s  
requ i red for an o i l  s h a l e  d eve lopmen t  pro j e c t  a r e  d i re c ted t o  s ome 
type of e nv i ronme ntal concern . 4 On the s tate l e v e l  alone , fo r 
exampl e , an e nergy pro j e c t  i n  Utah wo uld requ i r e  6 9  perm i t s :  1 6 
e xplor a t io n , 3 1  e nv i ro nme n tal , 1 2  mun ic ipal and c o u n ty , a nd 1 0  
spec ial  u s e . S 

Tabl e 7 9  re pre s e n t s  i n  very general terms the n umbe r  o f  pe r­
m i ts , reg u l at ions , a nd c l e arances requ i red by the federal  gove rn­
men t  and one s ta t e , Colorad o , a s  an e x ampl e  of s ta te and loca l 
req u i reme n t s . 6 Ta b l e  8 0  s hows a s impl i f i e d  g u i d e  to fede ral 
permi t s . 
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TABLE 7 8  

Major Laws and Regulations Constraining Energy Development 

Clean Air Act , 42 u . s . c .  74- 1 et seq. 

Clean Water Act , 3 3  u . s . c . 1 2 5 1  et �· 

Resource Conservation and Recovery Act , 4 2  u . s . c . 6 9 0 1 .  

Coastal Zone Management Act , 1 6  u . s . c .  1 4 5 1 et � ·  

Federal Land Policy Management Act , 4 3  u . s . c .  1 7 0 1 et �· 

Endangered Species Act , 1 6  u . s . c .  1 5 36 et � ·  

Antiquities Act , 1 6  u . s . c .  43 3 .  

Deepwater Ports Act , 3 3  u . s . c .  1 5 0 1 .  

Outer Continental Shelf Lands Act , 43 u . s . c . 1 3 3 1  et � ·  

Wilderness Act , 1 6  u . s . c . 1 1 3 1  e t  � ·  

Safe Drinking Water Act , 4 2  u . s . c . 3 0 0 f  e t  seq.  

Marine Protection , Research and Sanctuaries Act , 3 3  u . s . c .  1 4 2 0  et seq.  

National Environmental Policy Act , 42 u . s . c .  4 3 2 1 et � ·  

Alaska Native Claims Settlement Act , 4 3  u . s . c .  1 6 0 1 et �· 

Sur face Mining Control and Reclamation Act , 3 0  u . s . c . 1 2 0 1 et �· 

Coal Leas ing Amendments Act , 3 0  u . s . c . 2 0 1 ,  3 0  u . s . c .  1 2 6 2 , 3 0  

u . s . c . 1 2 7 2 . 

SOURCE : American Petroleum Institute , Major L egislative and Regulatory 
Impediments to Conventional and Synthetic Fuel Energy Development , March 1 ,  

1 9 80 . 

I I I .  E nv i ronme n ta l  I mpac t  S t a teme n t s ? 

A .  Federal E I S  Requ i remen t s  

Of a l l  ex i s t ing environmental req u i reme n t s , pe rhaps t h e  b e s t  
known i s  t h e  env i ro nme n t a l  impac t s tateme n t  ( E I S ) . Wh i le th i s  
r eq u i rement has been d e b a ted throughou t the 1 9 7 0 ' s ,  i t  h a s  not  
evol ved a s  a maj o r  f a c to r  i n  the  approval of  mos t  ma j or i nd u s t r i al 
pro j e c ts o ther than powe r pl an t s . Re q u i reme n t s  to pr epare an E IS 
d o  ar i se , h oweve r , i n  several case s i nvo l v ing pe t role um pro j e c t s . 
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TABLE 7 9  

L i st o f  Perm i t s  ( P ) , Re gu l a tions ( R ) , and C l earances ( C )  Requi r ed 
by the Federal Gover nment and the S tate of Colorado* 

FEDERAL GOVERNMENT 

Departme nt of the Interio r  

Bur eau o f  Ind ian A f f a i r s  
u . s .  Geo logical Survey 
O f f ic e  of Surface Min ing 
Bur eau of Land Management 
Bureau of Rec lamation 
N a t ional Park S e rv ice 
F i s h  and W i l d l i fe Serv ice 

Department of Agriculture 

F o r e s t  Se rv ic e  
S o i l  Conservation Serv ice 
Rur al E l ectric Adm i n i stration 

Environme ntal Protection Agency 

Water Qua l i ty 
A i r  Qua l ity 
Solid W a s te D i sposal 
Hazardous Mater i a l s  

Department o f  the A rmy 

Corps of Engineers 

Federal Commun ications Comm i s s ion 

Interstate Commerce Commi s s ion 

Department of L abor 

M i n e s  and Proce s s  

p 
p 
p 
p 
p 
c 
c 

p 
c 

p 
p 
R 
R 

p 

p 

Mine S a fety and Health Admini s tr a t ion R 

STATE OF COLORADO 

Department of H e a l th 

A i r  Pol l ut ion Contr ol D i v i s ion 
Water Pol l ut ion Con trol D i v i s ion 

State H i s tor ical Society 

Department of H i ghways 

D iv i s ion of H i ghways 
H i ghway S a f e ty D i v i s ion 
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p 
p 

c 

p 
R 

Roads 

p 
c 

p 
p 
p 
c 

p 
c 

R 

p 

p 

p 

p 
R 



TABLE 7 9  ( Cont inue d )  

STATE OF COLORADO ( Continued ) 

Department of N a tural Re sour ces 

D i v i s ion of Water Re sources 
( State E ng i nee r )  

Geological Survey 
Co . Groundwa ter Commi s s ion 
S t a te Board of Land Commi s s ioners 
Divi s ion of Mines 
Oil and Gas Conserv a t ion Board 
Mined Land Re c l amat ion Sect ion 
Co . S o i l  Cons e rv a t ion Board 
Co. Water Cons e rvat ion Board 
D i vi s io n  o f  Wi l d li fe 
D ivi s ion of Parks and Re creat ion 

Pub l i c  U t i l i t i e s  Comm i s s ion 

Land Use Comm i s s ion 

Colorado Local Governments 

County 

Land Use 
A i r  Qua l i ty 
Water Qua l i ty 
H e a l th 
F ire 
F l ood 
Bui l d i n g  C odes 
Roads 

Mun icipal and Special D i s t r i ct s  

Land Us e 
Air Qual i ty 
Water 
sani tation 
Health 
Fire 
Flood 
Bui l di n g  Codes 
Streets 

M i n e s  and Process 

p 
c 
p 
p 
R 
p 
p 
c 
c 
c 
c 

c 

p 
p 
p 
R 
R 
R 
p 
R 

p 
p 
p 
R 
R 
R 
R 
p 
R 

Roads 

p 

c 
c 
c 
c 

c 

p 

R 
R 

R 

p 

R 
R 

p 

*For coastal states there is the additional requirement to comp l y  with 
Coas t a l  Zone Commis s ion r egulations , whi ch r equire that all f edera l ly i s s ued 
permits be con s is t e nt with the state ' s  coastal zone pl a n .  

SOURC E : Col orado School of Mi nes , Permits Handbook for Coal D evelop­
ment , 1 98 0 .  
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TABLE 8 0  

Guide t o  Federal Penni ts* 

Leasing 

Exploration 

Mining 

Environmental 
Impact 

Air 

Water: 
NPDES 

Water: 
Dredge & Fill 

BI.M Coal Lease 

Coal Exploration 
Permit 

Mine Plan , 
Mining and Recla­
mation Permit 

Envirorunental 
Impact 
Statement 

Prevention of 
Significant 
Deterioration 
( PSD) 

National Pol­
lutant Di scharge 
E l imination 
System 

Dredge and Fill 
Permit ( 4 0 4 )  

Water: Plan Review 
Public Water 
Supply 
Systems 

Water: Underground 
Underground 
Inj ection 
Control 
( UIC) 

Hazardous 
Wastes 

Taxies 

Coordination 

Inj ection 
Control 
Permit 

Permit for 
Generators , 
Transporters , 
or Disp:>sers of 
Hazardous 
Wastes 

Compliance with 
Prohibitions , 
Recordkeeping, etc. 

Consolidated 
Permits 
Program 

Mineral Leasing Act 
of 1 92 0 .  30 usc 1 8 1  
Fed. Coal Leasing 
Amendments Act of 
1976 3 0  usc 20 1 

P . L . 94- 3 7 7  

Mineral Leasing Act 
of 1 92 0 .  30 USC 1 8 1  
Fed. Coal Leasing 
Amendments Act of 1976 
3 0  USC 201 P.L. 94-377 

Surface Mining 
Control and Reclama­
mation Act/ 1 9 7 7  30 usc 
1 2 0 1  P . L .  95-87 

National Environ­
mental Policy Act 
42 usc 4 3 2 1  
P . L .  9 1 - 1 90 

Clean Air Act 
Amendments of 
1977 
42 usc 7401 
P . L .  95-95 

Clean Water 
of 1 9 7 7  

33 usc 1 2 5 1  
P . L. 95-2 17 

Clean Water 
of 1 9 7 7  
33 usc 1 2 5 1  
P . L . 95- 2 1 7  

Act 

Act 

Safe Drinking 
Water Act 
P . L .  95- 1 90 
42 usc 3 0 0 (  f )  

Safe Drinking 
Water Act 
P . L .  95- 1 9 0  
42 usc 3 0 0 ( f )  

Resource Conser­
vation and Recovery 
Act of 1976 
42 usc 690 1 
P . L .  94-580 

Toxic Substances 
Control Act 
15 usc 260 1 

P . L .  94-469 

Authorized by the 
4 statutes involved : 
Clean Air Act/ 1 9 7 7  
42 usc 740 1 ;  Clean 
Water Act/1977 
3 3  usc 1 25 1 ;  Safe 
Drinking Water Act 

42 usc 3 0 0 ( f ) ; 
Resource Conserva­
tion & Recovery Act 
42 usc 690 1 

Regulation 

BLM Regs on Manage­
ment of Federal Coal 
43 CFR Part 3 4 0 0  

BLM Reg. on Coal 
Leasing 
4 0  CFR Part 3 4 1 0  

OSM Permanent Reg­
ulatory Program 
30 CFR Parts 7 0 0-899 

CEQ Regs on imple­
menting NEPA Pro­
cedures 
40 CFR Part 1 5 0 0  

E P A  PSD Regs 
40 CFR Part 52 & 
EPA Consolidated 
Penni t Regulations 
40 CFR Parts 1 2 2 - 1 2 4  

EPA Consolidated 
Permits Regulations 
4 0  CFR Parts 1 2 2 - 1 2 4  

Army Corps o f  Engi­
neers Regula tory 
Program 33 CFR 
Part 3 2 0  
EPA Regs o n  Dredge 
& Fill Activities 
4 0  CFR Part 2 3 0  

National Interim 
Primary Drinking 
Water Regulations 
4 0  CFR Part 1 4 1  

EPA Consolidated 
Permit Regulations 
40 CFR Parts 
1 2 2 - 1 2 6  

EPA Regs o n  Hazar­
dous Waste Manage­
ment Systems 
40 CFR Part 260 and 
EPA Consolidated 
Penni ts Regulations 
4 0  CFR Parts 1 2 2 - 1 24 

Final PCB Prohi­
bition 40 CFR Part 
7 6 1  
Recordkeeping & Re­
porting 40 CFR 7 1 2  

EPA Consolidated 
Penni ts Regulation 
4 0  CFR Part 1 2 2 - 1 24 

Bureau of Land 
Management ( BLM) 

BLM, u . s .  Geolog­
ical Survey ( USGS) , 
Office of Surface 
Mining ( OSM) 

OSM 

Federal Lead 
Agency (may be 
OSM, BLM or EPA) 

Environmental 
Protection 
Agency ( EPA) 

EPA 

Army Corps of 
Engineers and EPA 

EPA 

EPA 

EPA 

EPA 

EPA 

*All United States Code ( USC ) citations are to Sections. All Code of Federal Regulation 
(CFR) citations are to Parts. 

SOURCE : Colorado School of Mines , Permits Handbook for Coal Developmen t ,  1 9 80 .  
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The Nat i on a l  Env i ronmenta l Po l i cy Ac t ( NE PA )  b e c ame l aw on 
Ja nuary l ,  1 9 7 0 . Se c t ion 1 0 2 ( 2 ) ( c )  o f  t h a t  s ta t u te req u i r e s  a l l  
agenc i e s  o f  the f ed e r a l  governmen t  to prepare d e ta i l e d  E I Ss o n  
propo s a l s  fo r leg i s l at i on and other ma j or fe d e r a l  a c t ions s ig n i f i­
cantly a f fe c t ing the qual i ty o f  the h uman env i ro nmen t .  The 
purpo s e s  o f  th i s  prov i s i on are to i n c l ud e  in  the  ag ency d e c i s i o n­
mak i ng proce s s  care f ul con s iderat ion o f  a l l  env i ronmen t a l  e f fe c t s  
o f  propo sed act ions and to e xp l a i n the po ten t ia l  e nv i ro nme n ta l  
e f fe c t s  o f  those a c t ions and the ir a l terna t ive s to the publ i c . 
Ge neral re spo n s i b i l i ty fo r adm i n i s ter i ng these r eq u i rem e n t s  re s t s  
w i th the Counc i l  o n  Env i ronmenta l Qual i t y  ( C EQ ) , and e a c h  fed e r a l  
age ncy i s  r e spo n s i b l e  f o r  prepar ing impact s t a teme n t s  o n  i t s  own 
a c t ions . Court d ec i s io n s  h ave made i t  c l e a r  t h a t  s uc h  ac t ion s 
i nc l u d e  the i s suance o f  l i ce n s e s  or perm i ts to pr i v a te pa r t i e s  fo r 
the cons truc t ion o f  pro j ec t s  tha t wo uld s ig n i f i c an t ly a f f e c t  th e 
e nv i ronme n t . 

Th e nonappl i c ab i l i ty o f  E IS r eq u i reme n t s  to many i nd u s t r i a l  
pro j ec t s , d e sp i te the n umbe r o f  f e d e r a l  pe rm i t s  they may req u i r e , 
r e s ul t s  from the fac t tha t many e nv i ronme ntal pe rm i t  prog r ams h ave 
been spec i f i c a l ly e x empted f rom the requ ireme n t s  o f  N E PA .  I n  1 9 7 2  
Cong re s s  spe c i f ic a l ly e x cl ud ed from NEPA n ea r l y  a l l u . s .  Env i ron­
men t a l  Prote c t io n  Agency ( E PA )  a c t ions und e r  the Fed e r a l  Wa te r 
Po l l u t ion Co n trol Ac t ,  e x cept fo r the i s s uance o f  pe rm i ts to new 
so urce s .  The re s ul t  is that i s s uance of a wa ter pol l u t ion permi t 
c an tr ig ge r  an E IS only f o r  a p l a n t  c l a s s i f ie d  a s  a new s o u rc e  o r  
in  a s ta te where E PA con t i n ue s  t o  adm i n i s te r  t h e  Na t ional Pol l u tan t 
Di scharg e El im i n a t i o n  Sys tem ( N PDE S ) prog ram . Sub seque n t  s ta tute s 
have add ed e xemp t ions for other federal prog rams . 

The d e t e rm i n a t ion o f  whether a pr ivate i nd u s t r i a l  pro j e c t w i l l  
requ i r e  prepa r a t i o n  o f  a n  E I S  b eg i ns wi th the ide n t i f i c a t ion o f  al l 
of the perm i t s  or othe r approva l s  req u i red from federal ag e n c i e s 
for the proj ect  and whe th e r  a l l  of those pe rm i ts and approva l s  h ave 
been exempted from NEPA . I f  not exemp t from N EPA , the ne x t  s t ep is  
for the lead fed e ral ag e ncy to de term i ne wh e the r the i r  action con­
s t i tutes  " a  ma j or federal a c t ion s ig n i f i c an tly a f fe c t i ng the h uman 
e nv i ronme nt . " Each fede ral age ncy has  a numb e r  o f  c r i te r i a  to 
check b e fore re ach i ng a pre l imi nary conc l u s ion on the need for an 
E I S . If  an EIS  is  needed , then  the respo ns ib i l i ty fo r prepa r a t i o n  
of the documen t  r e s t s  w i th t h e  lead agency . I n  pra ct i c e , the 
proj e c t  sponsor is d e eply i nvolved in the E I S  prepar a t io n . 

None o f  the fede ral a c t ions unde r the C l e a n  A i r  Ac t t r ig ge r  an 
EIS  req u i reme n t . Whe n  the Ene rgy S upply a nd Coord i na t i on Ac t wa s 
e nacted i n  1 9 7 4 , i t  ame nded va r i ou s prov i s i ons o f  the C l e a n  A i r  
Act , a nd one o f  those change s e xc l uded EPA ' s  a ct i o n s  unde r the 
C l e a n  Air Ac t from N EPA . Act ions req u i r i ng a c ompany to u se coal 
were not e xempted from NEPA by tha t  s ta t u te , but the  Powe rp l a n t  a nd 
I nd u s tr i al Fuel U s e  Act of 1 9 7 8  does exempt act ions b y  DOE req u i r­
i ng new p l a n ts to u s e  coal . By contras t ,  the Re s ource C o n s e rva t i o n  
and Re cove ry Ac t o f  1 9 7 6  ( RCRA ) d oe s  not e x c l ud e  f rom NEPA i ts pro­
gram act i v i t i e s , i n c l ud i ng the i s s uance o f  pe rm i t s  for h a z a rd o u s  
was te d i s posal f ac i l i t ie s . Th u s  a company seek i ng to ob t a i n  a RCRA 
pe rm i t  from EPA wou ld b e  e xpos ed to an E I S  req u i reme n t  i f  approval 
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of i t s f a c i l i ty i s  cons ide red to me e t  the " ma j or f e d e ral a c t ion " 
tes t . Whe n s t ate  age n c i e s  a s s ume re spons ib i l i ty for i s s u ance o f  
RCRA pe rm i t s , howev e r , the i r  approva l  of  a fa c i l i ty pr e s umab ly 
wou l d  not b e  cons i de r e d  to i nvo l ve a ny f e d e r a l  a c t ion , and th u s  no 
E IS und e r  NEPA wou ld be req u i red . 

The i s suance o f  d redge a nd f i l l  pe rm i t s  b y  the u . s .  Army C o rp s  
of  E ng i ne e rs i s  s ub j e ct t o  N EPA . I n  t h e  c a s e  o f  the Coa s t a l  Z one 
Ma nageme nt Act , there is no s ta tu tory e x c l u s i o n , a nd e x t e ns ive E I S s 
are prepa r e d  for e a ch s t ate program a s  i t  i s  s ub m i t t e d  for approval 
by the S e c re t a ry of Comme r ce . Approva l o f  i nd i v id u a l  i nd u s tr i al 
pro j e cts unde r the Co a s t a l  Zone Man ageme n t  ( C Z M )  pro g r ams , howeve r ,  
wou l d  b e  a n  a c t ion b y  the respons ib le s ta te age n c i e s  a nd h e nce 
wou l d  not be s ub j e c t  to the federal E I S r eq u i remen t s . 

B .  S ta t e  E I S  Req u i reme n ts 

Many s ta t e s  h ave ad opted l aws or r eg u l a t ions  s im i l a r  to N E PA 
requ i r i ng s ta te envi ronme ntal  impa ct repo r t s  o r  s ta teme n ts . The 
states whe r e  s u ch r eq u i reme n t s  have b e e n  e s t ab l i sh ed a re l i s ted 
b e l ow .  

• Cal i forn i a  • New J e rs ey 
• Conne c t i cu t  • New York 
• Hawa i i  • North C a ro l i na 
• I nd i ana • S o u th Dakota 
• Mary l a nd • Te x a s  
• Mas s a ch u s e tts • Utah 
• Mich igan • V i rg i n i a  
• M i nne sota • Wa sh i ng ton 
• Mon t a na • Wi scons i n . 

I V . Pro j e c t  P l ann i ng and Dec i s ion-Mak i ng 

The fed e ra l  reg u l a t ions appl i c ab l e  to i nd u s t r i al proj e ct s  
c learly pre se n t  a ch a l l enge to the trad i t iona l pra c t i c e s  o f  
corporate de c i s ion-mak i ng ,  ma nageme n t , a nd l ong - ra ng e  p l a n n i ng . 
Those r e s pons ib le for new plants  mus t d eve l op a f r e s h  approach to 
the plann i ng a nd manageme nt of i nd u s tr i al e x p a ns i o n . 

A .  Reg u l a tory Unce r t a i n t i e s  and Proje c t  Le ad T ime 

Th e b ig g e s t  reg u l ato ry u n c e r ta i n ty i s  the ac t u a l  e x t e n t  of d e ­
l ay t h a t  t h e  reg u l a t ions  impo se o n  t h e  f un c t ion i ng o f  t h e  economy . 
I t  i s  po s s i b l e  to i d en t i fy a n umber o f  c a s e s  wh e r e  the d i f f i c u l ty 
o f  obta i n i ng env i ro nmen tal approva l for a n e w  p l a n t  was no t a n t i c ­
i pa ted b y  the company . On e  w i d e l y  pub l i c i ze d  e x ampl e i nvolved the 
pe troch e m i c a l  f ac i l i ty the Dow Chem i c a l  Company u nd e r took to bu i l d  
a f e w  m i l e s  e a s t  o f  S a n  Fran c i sco , o n l y  to abandon t h e  pro j e c t  d u e  
to e nv i ronme n t a l  d i f f i c u l t i e s  a f ter an i n ve s tm e n t  e x ceed i n g  $ 6  
m i l l ion . In n umerou s o th e r  case s ,  i nc l ud i ng s ev e ral  propo sed o i l  
re f in e r ie s , compan i e s  h ave been blocked for s e v e r a l  ye a r s  i n  the i r  
a t temp ts to l o c a te a ma j o r new fac i l i ty .  I n  the co n s t r u c t io n  o f  new 
e l e c tr i c powe r p l a nt s , l en g th y  d e l ays h ave b e come c ommo n , occ as ion­
a l ly e nd i ng i n  the aband onm e n t  o f  a proj e c t . 8 
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Th e expec ted one to three years ' l e ad t im e  tha t may b e  r e q u i red 
to mee t  all reg u l a t ions fo r maj or pro j e c t s  var i e s  f rom c as e  to 
c ase . It d epe nd s upo n the type o f  envi ronme n tal p r ob l ems p r e s e n ted 
by a par t i c ul ar pro j ec t ,  the s uc ce s s  of the c ompa ny in g a t he r in g  
a l l  o f  t h e  d a t a  cal led fo r t o  me e t  g overnm e n t  r eq u i rem en t s , t h e  
l e v e l  o f  coope r a t io n  e s tab l i shed be tween t h e  corpora te and gover n­
ment o f f i c i al s ,  a nd the ove ral l po l i t i ca l  acceptab i l i ty o f  the 
pro j e c t  i n  the s urround i ng c ommun i ty .  

Even w i t h  the be s t  fore s igh t ,  the reg u l a tory proc e s s  ad d s  to 
t he l e ad t ime fo r a pr oj e c t . To ob t a i n  d a t a  needed f o r  several  o f  
the envi ronme n t a l  r e v i ews i t  i s  now nece s s a ry to compl e te rathe r 
deta i l ed eng i ne e r ing pl ans  a t  an early s t a g e  i n  the proj e c t  pl an­
n i ng sched u l e . At the s ame t ime , actual c o n s tr u c t i o n  canno t  beg i n  
u n t i l  many o f  the requ i s i te approv a l s  are ob t a i ned . As a r e s u l t ,  
mos t  o f  the r e g u l a tory c ompl i ance mu s t  take p l a c e  b e t we e n  the 
compl e t i o n  o f  eng i ne e r i ng pl ans and the comme ncem e n t  o f  c o n s t ruc­
t io n , wh i ch wo u ld o the rwi s e  be a na rrow t ime gap or even a n  
o ve rl ap . 

Many o f  the e nv i ro nmen t a l  approval s can be obta i ned , a t  l e a s t  
theore t i cal ly , wi th i n  seve r a l  months  a f te r  a n  acceptable appl ic a­
t io n  has been s ubmi t ted . Fo r others , the total t im e  c on s umed w i l l  
be meas ured not i n  mon th s , but  i n  ye ar s . For any l arge i nd u s tr ia l  
p ro j e c t , s uc h  a s  a new o i l  re f i ne ry , pe trochem i c al comp l e x , o r  o i l  
shale proj e c t ,  the a cqu i s i t io n  o f  requ i red approva l s  i s  l i ke l y  to 
r equ i r e  one to three ye ars . 

Th e r i s k i ne s s  o f  an i nve s tme n t  i n  a new p l ant may a l so v a ry 
f rom pl ace to p l ac e , i n f l uenc i ng f i rms ' inve s tmen t  behav io r . For 
a g iven leve l o f  c ompl iance c o s t s , a f i rm may f i nd tha t one s t a te 
o f fers  a speed i e r  d ec i s io n-making proce s s  and a g re a t e r  a s s ur anc e 
o f  proj e c t  approval than ano the r s ta te . S ig n i f i c a n t  va r i a t io n s  i n  
bus ine s s  c l ima te e x i s t  among the s ta te s . 

B .  New Gras s root S i te v s . E xpans ion o f  E x i s t i n g  S i te 

In  general , the ob s ta c l e s  to approv a l  o f  new p l an t s  are g re a te r  
than for e xpan s ion o f  e x i s t ing plant s , and t h u s  mos t  compan i e s  w i l l  
be encouraged to expand the i r  c u r r e n t  fa c i l i t i e s  r a the r than to 
bu i ld new " g ras s roo t s " plant s .  The d e l ays and d i f f i c ul t ie s  a f fec t­
i ng approval o f  any e xp a n s i o n  wi l l  al so prov i d e  an i n c e n t ive to 
con t i nue opera t i ng e x i s t i ng f ac i l i t ie s  b e yo nd the i r  normal l i f e ­
span , wh i c h  conserv e s  c ap i ta l  and a l l  b u t  e l im i na t e s  l and- u s e  c on­
f l i c t s . Ye t i t  c arr i e s  the r i sk tha t pro d uc t io n  c o s t s  w i l l  s l owly 
r i se a s  equ i pme n t  g e ts older and down t ime i n c re a s e s ,  as we l l  as 
the pos s i b i l i ty tha t the f i rm w i l l  even t u a l l y  lose  technolog i c a l  
l ead e r s h i p  t o  i ts d ome s t i c  or fore ign compe t i to r s . 9 

Among the mos t  impo rtant federal s ta nd ards tha t v a ry wi th 
locat ion are several  imposed under a u tho r i ty o f  the C l e a n  A i r  Ac t 
and i t s  1 9 7 7  ame ndme n t s . F i r s t  i s  the req u i rem e n t  tha t new o r  
e xpand ed plants i n  nona t ta i nmen t  are a s  m u s t  u t i l i ze Lowe s t  Ach ie v­
able Em i ss ion Ra te ( LA ER ) , o bt a i n  o f fs e t s , a nd e n s u r e  that a l l  
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other source s i n  the s ta te owned by the propos ed new s o urce own e r  
are i n  compl iance wi th a l l  appl i c able r u l e s . Th us , pl an t s  w i th i n  
s uch are a s  m u s t  c omply w i th a requ ireme n t  no t impo sed o n  p l an t s 
l oc a ted e l s ewhere . Mo reove r ,  em i s s io n  o f fse t s  are more e a s i ly 
obta ined i n  some pl ace s than i n  other s . For e x ampl e , some o f  the 
f a s t-g row i ng " Sunbel t "  c i t i e s , s uc h  as  Ho u s to n , Da l l a s , or Tu l sa ,  
may not h ave a s  many old , h igher pol l u t ing f ac i l i t ie s  tha t c a n  
prov ide o f f s e t s  a s  some o f  the o l d e r  i nd u s tr i a l  c i t i e s . Of f s e t s  
are a l so r e l a t i ve l y  d i f f i c u l t  t o  obta i n  in  p l a c e s  s uc h  a s  Lo s  
Ang e l e s  and S a n  F r an c i sc o , wh ere s t a t ionary source s h av e  l ong been 
s ub j ec t  to s tr i ngen t s ta te pol l u t ion c o n t ro l s .  

Another impor tan t C l e a n  Ai r Ac t requ ireme n t  g over n s  the co n­
s truc t io n  o f  l a rg e new po t e n t i a l  pol l u t io n  s o u r c e s  in a r e a s  t h a t  
d o  mee t  f e d e r a l  a ir qual i ty s tandard s . Par t i c ul ar ly s tr ic t  Pr e­
ven t i on of S i g n i f i c ant De te r io ra t ion ( PS D )  contro l s  have b e e n  
impos ed b y  Cong re s s  i n  o r d e r  t o  pro tect a i r q u a l i ty a n d  v i s i b i l i ty 
i n  and around approx ima tely 1 6 0  s pe c i f i ed na t i onal  park s  a nd monu­
men t s . l O  Unde r  the PS D reg u l a t ion s , a l l  o t h e r  are a s  of t h e  
c ountry we re pl aced in  t h e  C l a s s  I I  c ategory . Cl a s s  I I  a re a s  a l l ow 
moderate g rowth l imi ted by the amount o f  a ir q ua l i ty i nc reme n t  
rema i n i ng i n  e a c h  are a . Af ter a n  i n c reme n t  i s  e x h a u s ted , n o  l arge 
new so urce s w i l l  be a l l owed unle s s  the s ta te p l an prov i d e s  for 
g rowth through t ig h te r  contro l s  o r  o f f s e ts . C l a s s  I a re a s  a r e  
e s s en t i a l l y  o f f  l im i t s  to ma j or d eve lopmen t  pro j e c t s  b e c a u s e  th e 
allowab l e  PS D i n c reme n t  i s  too sma l l . 

Al thoug h mos t  d i sc u s s ions o f  i nd u s t r i a l  s i t i ng tend to empha­
s i ze f ed eral  pol l u t io n  contro l s , the impo r tance of s ta te and loca l 
l and-use  contro l s , i nc lud i ng ad hoc con tro l s  imposed a s  a re s ul t 
o f  c i t i ze n  ob j e c t io n s  to pro j e c t s , mu s t  no t be n eg l e c te d . Fo r 
e xampl e ,  o f  1 2  p ropo sed Ea s t  Coast o i l  re f i ne r i e s  c an c e l led o n  
env i ro nmen tal g ro und s be twe e n  1 9 7 0  a n d  1 9 7 4  b y  s tate/local  ac t io n , 
a t  l e a s t  n in e  we re d e n ied because o f  i nab i l i ty to s e c u r e  zo n i ng o r  
b y  local re ferend um ,  not  b e c a u s e  o f  fa i l ur e  to s e c u r e  env i ro nmen ta l  
permi t s . l l  

Even i n  c a s e s  i n  wh i ch reg ula to ry s tand ard s are un i fo rm na t io n­
w id e , there may b e  s t a te o r  reg ional d i f fe re n c e s  i n  i n t e rpr e t a t i o n  
o r  i n  en forc emen t .  Some fed eral l aws os tens i b l y  impo s ing un i form 
s tandard s  i n  f a c t  al low s t a te and reg ional  admi n i s t r a to r s  a g r e a t  
d e a l  o f  l e e way f o r  i n terpre ta t ion and nego t i a t io n  w i th appl i c a n t s . 
Fo r exampl e ,  o f f s e t s  i n  no natta i nme n t  areas may b e  barely o ne- f o r­
one o r  may i nvolve ( as i n  Ca l i forn i a ' s  Soh i o  PAC T E X  p i pe l i n e  c a s e ) 
o f fs e t s  several times a s  g reat as  the po l l u t io n  to b e  g e n e r a ted by 
the new plan t . 

Al though n ew plants i n  many pol l u t io n - i n te n s ive i n d u s t r ie s must 
me e t  un i form n a t ional New So urce Pe r f o rmance S t andard s  ( N SPS ) , the 
requ i red d e termina t io n  tha t a p l a n t  loca t i ng in a PS D area is u s i ng 
Be st Av a i l ab l e  Co n trol Te chnology ( BACT )  i s  n eg o t i a ted be twe e n  the 
E PA reg ion and the f i rm .  The pos s ib i l i ty of i ncon s i s te n t  i n terpr e ­
tat ion m a y  we l l  increase a f ter s ta te s , a s  i s  e xpected , t ake o v e r  
PS D permi t t i ng adm i n i s trat ion . 
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I t  h a s  b e e n  c harged occas iona l ly that pol l u t io n  con t r o l s  a f fe c t 
the s i ze of  pl a n t s  tha t a re bu il t .  Fo r e x ampl e , wh i l e  a v e ry l arge 
o i l re f i n e ry pro j ec t  on the Eas t  Coas t  wa s wa i t i ng to o b ta i n  i t s  
perm i t ,  a t  l e a s t  1 3  sma l l  [ l es s  than 3 0  t ho u sand barre l s  p e r  d ay 
( M B/D ) ] re f in e r i e s  were bu i l t i n  Lou i s iana a l o n e . The s e  p ro j e c t s  
were l oc a ted i n  PS D areas , b u t  several d id no t need t o  o b ta i n  P S D  
perm i t s  because they c l a i�ed the i r  emi s s ions o f  any s i n g l e  
pol l utan t wou l d  b e  l e s s  than 1 0 0  tons pe r ye ar . 

Othe r env i ronme n ta l  s tand ards may have i nd i re c t  impac t s  o n  the 
r e l a t ive a t trac t ivene s s  of vari ous ind u s tr i a l  loca t i on s . For 
e xampl e ,  a f o rmer E PA adm i n i s t ra to r  told the Na t ional Governors ' 
Con ference that  i n d u s t ry w i l l  l ook for s ta te s  that  have federal l y  
approved h a z a rd o u s  wa ste d i spo sal  fac i l i t i e s . l 2  

An impo r t a n t  c on s id er a t ion i s  wh e ther al l ow i ng s t a te s  o r  
loca l i t ie s  so m uch powe r over s i t i ng d e c i s ions i s  con s i s te n t  w i th 
n a t i onal i n t e re s t s . Fo r ex ampl e ,  the refusal o f  coastal j ur isd i c­
t ions o n  the Eas t  Coa s t  to accept o i l  re f in e r i e s  h a s  i mp l i ca t ion s 
for the en t i r e  reg ional s upply o f  energy . Th e que s t i on i s  wh e th e r  
s uc h  d e c i s ions should b e  mad e b y  sma l l  towns s uch a s  Durh am , Ne w 
Hampsh i re ( wh i c h  voted d own a l arge re f i ne ry i n  1 9 7 4 ) ,  o r  by a 
l eve l o f  gove r nmen t  w i t h  greater g eograph i c  scope ; o r  s im i l ar ly , 
whe ther a j ur i sd i c t io n  i n  the Oh io Va l l ey s h o u l d  be a l l owed to 
accept a g re a t  d e a l  of i nd u s tr i al pol l u t io n  ( in e x c h ange fo r 
h ig h-wage j obs fo r local peopl e )  when the a ir and wa te r po l l u t i o n  
genera ted d r i f t s  acro s s  j ur i sd i c t ional bord e r s  and a f fe c t s  peopl e 
who l ive e l s ewhe r e . Th e d e s i re to prote c t  a s se t s o f  recog n i ze d  
nat ional val ue f rom t h e  impac t o f  local d ec i s io n s  to a c c e p t  n e w  
i nd u s t ry l ed t o  t h e  mand atory d e s ig na t ion b y  Cong re s s  i n  1 9 7 7  o f  
many n a t ional  parks a nd mon umen t s  a s  Clas s I PS D area s . 

Anot her impo r ta n t  cons ide ra t io n  i s  the impact o f  e nv i ronme n t al 
contro l s  on b u s i n es s r i sk . I n  trad i t ional i nve s tme n t  theory , a 
f i rm b a l a nces the rate o f  re turn expe cted f rom a n  i nve s tme n t  
aga i ns t  t h e  r i sk i nvo l ved . De l ay o f  pro j e c ts a n d  unce r t a i n ty o f  
outcome are two f reque n t  ac c ompan ime n t s  o f  e nv i ronme n ta l  reg u l a­
t ion . Both i n c re a se b u s i n e s s  r i s k . To wha t  e x t e n t  doe s th i s  
i nc reased r i sk r e d u c e  the rate o f  new i nve s tme n t ?  Th i s  q ue s t io n  
i s  e x treme l y  importan t i n  th i s  era of  nat ional conc e rn over low 
rates of  c ap i tal forma t io n , lagg i ng i nd u s t r i al i n nova t io n , a nd 
the i n terna t io n a l  c ompe t i t i veness of  Amer i can i nd u s t ry . 

C .  Scop i ng the Pro j e c t  

I n i t i a l s c ree n i ng s hould b e  unde r t aken e a r l y  i n  t h e  plann i ng 
proces s to ide n t i fy pos s ib le e nv i ronme ntal d i f f i c u l t i e s . S uc h  a 
rev i ew should h ig h l i g h t  ma j o r  i s s ue s , ide n t i f y  s i g n i f i ca n t  ad d i ­
t ional proj e c t  cos ts ,  i tem i z e  d a t a  req u i red for p e rm i t appl i ca­
t ions , approx imate l e ad t ime s , and form u l a te con t i n ge n c i e s  ( e . g . , 
al t e rnate s i te s , a l t e rna te control technolog i e s , o r  c h a ng e s  i n  
ove ral l des i gn ) . 

The i n i t i a l  pr o j e ct plan s hould spe c i fy the e n v i ronme n t a l  
r i sks . The s e  r i sks i nc lude early d i sc los ure o f  t h e  company ' s  
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i n tent ions and pos s ib le unre a l i s t i c a s s umpt ions  r e g a r d i ng con tro l 
t e chno logy deve l opme n t s  and cos ts . The p l a n  shou l d  focu s o n  w a r­
ran t i es expe cted from con trol techno l ogy ma nu f a c t ure rs t h a t  the 
equ ipme n t  w i l l  ach i eve s pe c i f i ed s tand a rds , a s  we l l  as  the leg a l  
r ig h t s  a nd l i ab i l i t i e s  o f  cons u l tants o r  con trac tors on whom the 
company wi l l  depe nd . 

D .  Eme rg i ng S i t i ng I n i t i a t ives l 3  

The ne t re s u l t  of a de cade o f  e nv i ronme n t al leg i s l a t io n  i s  that  
envi ronme n t a l  a nd l a nd - u se reg ulat ions are  b ec om i ng more c ompar t­
me n t al i z ed a nd , a t  the s ame t ime , more c ompl e x . Each new goal  i s  
addres sed b y  es t ab l i sh i ng a new r eg u l a tory sys tem , wh i c h  l e a d s  to 
more s tand a rd s  and more pe rm i ts . 

These req u i reme n t s  al l i ncrease the expe n s e  o f  the proj e c t . 
Wh i le there i s  much deb a te ove r the c os t  o f  e a ch r eg u l a t i on a nd i t s 
pos s ib le pub l i c  b e n e f i t ,  there i s  l i t tl e  d oub t t h a t  the ab s o l u t e  
expense of me e t i ng e n v i ronmental  and land- u s e  requ i reme n ts a n d  t h e  
cos t of de lay a nd u n c e rt a i n ty i n  t h e  pe rm i t t i ng proc e s s  w i l l  i n­
crease ove r the n e x t  f ew yea rs . I n  s ome i ns tance s , fac i l i ty s i t i ng 
ob s tacles  are a t  the fede ral leve l , wh ere a proj e c t  i s  unab le to 
mee t  a pa r t i c u lar e m i s s ion s tandard or i nvol ve s  an endangered spe­
c i es . Some t ime s the pe rm i t t i ng proce s s  i t se l f  ove rwh e l m s  the com­
pany , as  when there a re too many pe rmi ts to a cq u i re in too s ho r t  a 
t ime . I n  othe r  c a s e s  t he p i t f al ls are found a t  the s ta te leve l . A 
s t ate a i r  q ua l i ty c omm i s s ion may r e f u s e  to i s s ue a nece s s a ry em i s­
s ion pe rm i t  a l t hough the i nd u s try c a n  me e t  fede ral s tand a rd s . For 
e xample , the Dow Chemical Company pe troch e m i c a l  plan t me n t i oned 
earl i e r  appare ntly cou ld not me e t  the S t a t e  of C a l i for n i a ' s  
amb i e n t  a i r  qual i ty s t and a rd s , wh i c h  were s tr i c t e r  than fede ral 
req u i reme nt s . 

Even when a n  i nd u s t ry can mee t  al l fede ral and s ta te s tandard s , 
i t  may face loc a l  oppos i t io n . A ma j o r  factor i n  i nd u s t r i a l  loca­
t ion i n  the Uni ted S ta t e s  i s  loc al b lockage o f  new plan t s , o f te n  
through the u se o f  zon i ng c ontrols o r  local r e f e rrenda . Thus  a 
company , i n  i ts i n i t i a l s e l e c t i on o f  plant  s i te s , may not forec l ose 
cons ide r a t ion o f  a loc a t ion i n  a j ur i sd i c t io n  o r  reg i o n  w i th a 
reputa t ion for s tro ng e n v i ronme n t al awarene s s , b u t  w i l l  g o  e l se­
whe re when it  b e come s appa rent that its  pla nt may neve r rece ive 
f i nal approval d ue to local res i s tanc e . 

A mu l t i face t ed appro ach to s i t i ng prob l em s  w i th i n  the e x i s t ing  
sys tem at  al l three leve l s  o f  gove rnme n t , a nd w i th i n  i nd u s try , i s  
necess ary . E x c i t i ng i n i t i a t i ve s  i n  i nd u s t r i a l  s i t i ng are b eg i n n i ng 
to be deve l oped . Bo t h  CEQ and EPA are s tr e aml i n i ng t h e i r  reg u l a­
tory pro c ed ure s ,  the As soc i a t ion o f  Bay Are a Gove r nme n t s  i n  the S a n  
Fran c i sco reg i o n  has  und e r t aken a prom i s i ng e f fo r t  to improve t h e  
i nd u s tr i a l  s i t i ng proc e s s  i n  that are a , a n d  s eve ra l pr i va te c ompa­
n i es deve l op i ng l a rge i nd u s tr i al comp l e x e s  have e n te red i n to i nno­
va t i ve agreeme n t s  w i th gove rnmen t  age n c i e s  tha t  may b e  mod e l s  for 
i nd u s tr i al s i t i ng a c ros s the country . Al s o , the propo s ed fede ral 
Ene rgy Mob i l i z a t io n  Board and the S t a te of C o l orad o ' s  Jo i n t  Rev i ew 
Proc e s s  s hould b e  noted . 
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The concept o f  i de n t i fy i ng a cceptab le s i tes f o r  i nd u s try i s  
emb od i ed i n  r e c e n t  federal coa s t a l  zone l eg i s l a t i o n . Be fore s ta t e  
C Z M p l a ns c a n  b e  approved , they mu s t  ide nt i fy s i te s  o f  un ique 
geolog ic or topogr aph i c  importance to i ndus t r i al d e v e l opmen t  and 
ens ure that f ac i l i t i e s  o f  g r eater than local conc e r n  are not  
a rb i trar i ly o r  unrea sonab ly e x c l ud ed o r  re s t r i c t ed . 

There have b e e n  a numb e r  o f  i n i t i a t i ve s  tha t wou l d  g o  even 
furthe r .  Be s t  known , pe rh ap s , i s  the 1 9 7 8  Ame r i c a n  B a r  A s so c i a t io n  
( ABA ) report , Developmen t  and the Envi ronme n t : L e g a l  Re forms to 
Fac i l i ta te I nd us tr i a l  S i te S e l e c t ion , wh ich s ugge s ted t h a t  s ta te s  
develop c ompre h e n s ive plans t o  iden t i fy " pa r t i c u l a r  a re a s  b e s t  
s u i ted f o r  part i c u l a r  type s o f  i nd u s tr i al deve l opme nt . "  Wh i l e  i t s  
recomme nda t i o n s  g e n e ra t ed a g re a t  deal o f  i n tere s t  a nd c omme n t , the 
report was never forma l ly approved b y  the ABA , a nd to d a t e  no s tate 
has adop ted a c ompreh e n s ive s tatewide plan d e l i ne a t i ng s pe c i f i c  
s i tes whe re ce rt a i n  i nd u s tr i es m i g h t  b e  loca ted . 

One s tate , howeve r ,  h a s  emb raced the id e a  o f  ad vanced s i te 
ide nt i f i c a t ion a nd b anki ng , b ut only w i th r e s pe c t  to powe r p l a n t s . 
Pursuant to the Ma ry l a nd Powe r P l a n t  S i t i ng Ac t o f  1 9 7 1 , the 
Ma ryland S ta t e  Powe r C ommi s s ion has authori ty t o  p u r ch a s e  s i t e s  
around t h e  s ta te and h o l d  t hem fo r f u t ure powe r p l a n t  d e ve l op­
me n t . The ope ra t ion i s  f i nanced by a smal l s u r charge o n  u t i l i ty 
b i l l s . The s tate b e l i eves tha t the s i t i ng c e rt a i n ty o f  th i s  sys tem 
w i l l  a vo i d  unne c e s s a ry d e l ay and h igher c on s t r uc t i on c o s t s . I n  
pract i c e , though , t h i s  sys tem h as encoun te red d i f f i c u l t i e s . Due 
to a c omb i na t ion of f a c tors , e . g . , loc a l  g overnmen t  a nd c i t i z e n  
oppo s i t i o n , a nd d e creas i ng d emand fo r new pl ant s , o nl y  o n e  s i te h a s  
b e e n  a cqu ir ed a nd i t  s tand s vacan t . 

Que s t io n s  h ave a l so been ra i sed about the appl i c ab i l i t y  o f  the 
sys tem to i nd u s t r i e s  on a wider ba s i s . Ma ny are skept i c a l  t h a t  
t h e  f e d e r a l  or s ta t e  governme n t s  a r e  s u f f ic i e n t l y  knowl edgeable  
to  se l ec t  s i te s  s u i ta b l e  fo r i nd u s t r i a l  g rowt h  o r  whe th e r  s u c h  
ac t iv i ty i s  proper i n  a free marke t economi c  sys tem . Other s 
que st ion whe ther i t  i s  ben e f i c i a l , i n  te rms o f  t ime and money , to 
approve a s i te for d evelopmen t  be fore a spec i f ic propo s a l  i s  mad e 
by an indu stry , o r  whe ther env i ronme ntal  cons i d e r a t i o n s  c an b e  
ad equa tely eva l ua ted be fore t h e  re g u l a tors know wha t  w i l l  be b u i l t .  

The se q ue s t io n s  and concerns are tro uble some , b u t  th i s  opt i on 
should not b e  s umma r i l y  d i sc arded . If env i ronmen ta l  c o n trovers i e s 
ove r l arge f ac i l i t ie s  cont i nu e , pr e-s i te id en t i f i c a t ion and a p­
proval  and even pub l i c  s i te b ank i ng may b ecome mo re appe al i ng . 

U . S .  Stee l tr ied an innova t ive pl ann i ng e f fo r t  fo r a ma s s i v e  
new 4 , 0 0 0 -acre s t e e l  plant i n  Conne a u t , Oh i o , wh i c h  may s e rve a s  a 
model for f u tur e l arge- s c a l e  i nd ustr i a l  d eve lopme n t . Th a t  e f fo rt , 
mon i tored by the Depar tme n t  o f  Comme rc e ' s  e a r l y  corpora te env i ro n­
men ta l  a s se s sme n t  prog ram , wa s pr em i sed o n  the tw i n  ob l ig a t io n  o f  
corpora t io n s  to i n i t ia te env i ro nmen tal a s se s smen t s  e ar ly i n  the 
proj e c t  rev iew pro c e s s  a nd o f  the federal g overnme n t  to a s s ume a 
lead agency man ag eme n t  approach to i t s  e nv i ronme n t a l  a s s e s smen t 
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respo n s i b i l i t i e s . U . S .  S t e e l  wa s not g u aranteed that needed per­
mits wo uld be i s s ued , but by e l imina t i ng overl app i ng rev iews and 
mu l t ipl e he a r i ng s , a f i nal E IS wa s prod uced in only 2 4  month s . Th e 
Departme n t  o f  Comme rce i s  p ubl ic i z i ng the u . s .  S te e l  e xper i ence i n  
the hope s tha t  i t  wi l l  p e r s uade o ther corpo ra t io n s  t h a t  e a r ly d i s­
clos ure of pro j e c t  plans  and t ime ly e n v i ronme n ta l  impac t analy s i s  
w i l l  he lp the proj e c t  i n  the long run . 

In some i n s tance s ,  a Conneaut-s i ze i nd u s t r i a l  proj e c t  c an over­
whelm the eva l u a t ive capab i l i t y  of  s t a te s , e s pe c i a l l y  smal l  s ta te s  
and local g ove rnmen t s  tha t s uf fe r  from l im i ted r e s o u r c e s  a nd l ack 
the too l s  for s oph i s t ica ted analys i s . Th i s  probl em i s  mos t  a c u t e  
i n  the conte x t  o f  e nergy- o r  m i neral-r e l a ted proj e c t s , e spe c ia l ly 
in  the We s t , but appe ars to be spread i ng . 

The mul t i pl e  perm i t  problem has rece ived a good d e a l  o f  a t­
tent ion d ur ing the pa s t  d e c ad e . The prev i o u s l y  d i sc u s sed ABA 
ind u s tr ia l  s i t i ng report recommend ed the c r e a t ion o f  a s uperagency 
a t  the s t a te leve l to ove rsee s i t ing of l arge- s c a l e  i nd u s t r ia l  
compl exe s o f  g r e a t e r  than l o c a l  concer n , w i th powe r s  t o  i s s ue al l 
perm i ts and ove r r i d e  local z o n ing where nece s sa ry . Seve ral j ur i s­
d ic t ion s ( Wyom i ng , Wa s h i n g to n , and For id a )  adop ted s uc h  l e g i s l a­
t io n , b u t  the re sul ts have been mi xed . 

The Flor id a El ec tr ical  Powe r Pl ant S i t i ng Ac t ,  wh i c h  pre-empts 
to the  Governor and h i s  c a b i ne t  reg u l a t ion at  the s ta te l e v e l  o f  
the cons truc t io n  and opera t io n  o f  powe r pl ants , a ppe ars to be 
wo rk ing better than s im i l ar leg i s l a t i o n  i n  o ther s t a te s . Devel­
opers e l s ewhere o f te n  d i scovered that the e xpec ted s impl i f i c a t i o n  
o f  the proc e s s  wa s an i l l u s io n . Fo r ex amp l e ,  i n  Wyom i ng , wh ere a 
s eve n-membe r  i n d u s tr i a l  s i t i ng co unc i l  to rev i ew proposed i nd u s­
t r i al d ev e l opme n t  cos t ing i n  e x c e s s  o f  $ 5 0  m i l l ion , a n  appl icant 
must obta in envi ronme n t a l  and l and-use perm i t s  from o ther s t a te and 
l ocal ag enc i e s  be fore appl y i ng to the s ta te s i t i ng coun c i l  for 
permi s s ion to  d eve lop . In e f fec t ,  the s i t i ng a c t  add s  ano the r 
l evel  of  bureauc racy . In Wa sh i ng ton , wh i c h  h a s  a vol u n tary perm i t  
coord inat ion me chan i sm adm i n i s tered by the S ta t e  Depar tmen t  o f  
Ecology , the expe r i e n c e  i s  s im i l ar .  Many proj e c t  d eve lope r s  have 
e l ec ted to seek pe rm i t s  i nd iv idual ly rather than through the 
sys tem ' s  conso l i d a ted proceed i ng s  because the coord i nated procedure 
may take longer than i nd i v i d u a l  appl i c a t ions to  each agen cy . 

Loc al j ur i sd i c t io n s  o f te n  oppose perm i t  coord i na t io n , i n  some 
c ase s v i ew i ng s uc h  e f fo r ts a s  powe r pl ays by s t a te o r  reg i onal 
agenc ie s .  The re s ul t  i n  ma ny i n s tanc e s  is tha t local re g ul a t ion s , 
par t i cul arly l and-u se l aws , are not broug h t  wi th i n  the s t a tew i d e  
permi t coord i n a t ion s y s t em . In the s ta te o f  Wa sh i n g to n , l o c a l  
g overnme n t s  oppo sed t h e  f i r s t  d ra ft o f  the En v i ro nme n ta l  Proced ures 
Ac t ,  wh i ch wo uld h ave i nc l uded local permi t s , and worked s uc ce s s ­
f u l ly t o  hav e tha t  aspe c t  of  t h e  leg i sl a t i o n  d ropped . Iron ical ly , 
one of the con t i n u i ng probl ems wi th the Ac t h a s  been tha t d evelop­
ers cannot beg i n  the s t a te-c oord i nated perm i t t ing proc e s s  un t i l  
loc a l  gove r nme n t s  grant n e c e s sary approva l s . 

The fed e r a l  gove r nmen t  h a s  mad e several a t temp t s  to improve the 
s i t i ng proc e s s  fo r ma j or fac i l i t i e s . In 1 9 7 8 ,  the Pr e s id e n t  sig ned 
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an e x e c u t ive ord e r  to prov ide for t ime ly , coord i na ted f ed e ra l  d ec i ­
s ions o n  c r i t i c al non- n uc l e ar energy f ac i l i ty p e rm i t  appl i c a t ions . 
The o rd e r  d irec t s  the Of f ic e  o f  Man ag eme n t  and B ud g e t to o r g an i z e 
a system to exped i te mul t ipl e agency r ev i ews a nd e s tabl i s h  d ead­
l in e s  for f inal admi n i s trat ive d e c i s io n-ma k i ng by e ig h t  f ed e r a l  
agenc ie s .  

The se fede ral , s t a te , and local coord i n a t i o n  e f fo r t s  may pro­
v ide some r e l i e f  to i nd u s t ry , but they d o  l i t tl e  to improve c o­
o rd i na t ion wi th i n  va r io u s  l eve l s  o f  g ove rnme n t . The e a s ing o f  the 
perm i t t i ng burd e n  a t  the n a t ional level by the f ed e r a l  governmen t 
w i l l  not a c c ompl i sh a g reat d e al i f  a local z o n ing a u tho r i ty 
oppos e s  the proj e c t .  

Col orado has d evel oped an i nnova t ive approach to the probl em o f  
i n te rag ency coo rd i na t io n . Co lorad o ' s  Jo i n t  Re v i ew Pro c e s s  for 
Maj o r  Energy and M i nera l Re s o urce Developmen t Pro j ec t s  ( JRP ) is  an 
i nterg overnme n t a l  rev iew pro c e s s  tha t coo rd i na t e s  the gov e r nmen t ' s  
re v i e w  o f  maj or energy and m i neral resource d evelopmen t  -pro j e c t s  
tha t a r e  in  early s tag e s  o f  proj e c t  pl an n i ng d e v e l opme n t . l 4  
Us ing Colorad o ' s  JRP a s  a gu id e ,  several s ta t e s  a re d evelop i n g  
s im i l ar rev i ew proce s se s .  

Th e JRP c oo rd i na te s  reg ul ato ry and adm i n i s t r a t ive rev i ews 
cond uc ted by the three l e ve l s  of governmen t ,  th u s  e xped i t i ng those 
rev i ew proc e s ses and improv i ng the qua l i ty o f  pro j e c t  pl ann i ng and 
rev i ew . It prov ide s the publ i c  and i n d u s try w i th i n c re a sed op­
portun i ty to become involved w i th g overnmen t  in the rev iew o f  a 
pro j ec t . Par t i c i pa t ion in  th e JRP i s  vol un ta ry ; i t s  s uc c e s s 
d epend s upo n a h ig h  level  o f  c ommun i c at io n , c oope r a t i o n , a nd 
comprom i se . The JRP i s  no t a new reg u l a to ry prog r am a nd doe s not 
e s tabl i sh new r eg ul a to ry b u reauc racy . I t  i s  no t an a t temp t to 
create an energy f a c i l i ty s i t ing proced ure or o t h e r  n e w  d ec i s io n­
mak i ng autho r i ty . 

V .  Spe c i f i c E x ampl e s  o f  De l ayed , De n ied , o r  Abandoned Energy 
P ro j e c t sl5 

The pe trol e um i n d u s t ry i s  concerned abou t  the c um u l a t i ve impac t 
o f  al l of the env i ronme ntal and o ther l aws tha t reg u l a te e n e rg y  
d eve lopmen t .  Fol lowi ng are spec i f i c e x ampl e s  o f  energy pro j e c t s  
d el ayed o r  c anc e l l ed because o f  g ove rnmen ta l  con s t r a i n t s  o f  many 
k i nd s : 

• S a n ta Yne z U n i t ,  C al i forn i a  Ou ter Con t in e n ta l  She l f ;  2 7  M B/ D  
o f  o i l  and 3 0 m i l l ion c ub i c  f e e t  o f  n a t u r a l  g a s  pe r d ay . 
The pro j e c t  wa s d e l ayed for seven ye ars by f e d e ra l , s t a t e , 
and local reg u l a to ry obs tacle s . Th ere we re three ma j or 
e n v i ro nme n ta l  impact s t ud ie s , 2 1  m a j o r  p ubl i c  hear i ng s , 1 0 
ma j or gove rnmen t  approva l s , 5 1  c on s u l tan t s t ud ie s ,  a nd 1 2  
l aws u i t s  i nvo l v i ng the pro j ec t , s ome i n i t i a ted by the 
proj e c t . Af ter an i nve s tme n t  o f  more than $ 3 8 0 m i l l i o n , the 
pro j e c t  f in a l l y  began prod uc i ng o i l in Apr i l  1 9 8 1 .  
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• PACTEX , Soh i o  mar ine terminal and p ipel i n e , Long Be ac h , 
Ca l i fo rn ia ,  to M i d l and , Te xa s ; 5 0 0  M B/ D . Th i s  p i pe l ine wa s 
in tend ed to carry Al as kan c r ud e  o i l to M i d l and , Te x a s , and 
then to the M i d we st .  The pro j e c t  wa s c an c e l l ed a f t e r  i t  
bec ame uneconomi c  fo l l owing a f iv e -ye ar d e l ay i n  ob ta in ing 
the  nece s s a ry f e d e ral , s ta te , a nd l o c a l  a i r qua l i ty perm i ts . 

• H amp to n  Road s E nergy Company o i l  re f i nery , Po r t smout h , 
Virg i n i a ; 1 7 0 MB/D.  An e igh t-ye ar d e l ay wa s c a u s ed i n  
l arge part by n eed ed E PA approval o f  the S t ate Impl eme n ta­
t io n  Pl an und e r  the Clean Ai r Ac t and needed d redge and f i l l  
pe rm i t  from the Co rps o f  Eng i neers . Th e pro j e c t  wa s can­
c e l l ed i n  par t d ue to the de cre a sed need for re f i n e ry 
c apac i ty by the t ime the permi t wa s obta ined . 

• P i t ts to n  o i l  re f i ne ry , Ea stpo r t , Ma i n e ; 2 5 0  M B/D . Th e pro­
j ec t  has been d e l ayed because E PA ,  to pro tec t  the hab i ta t  o f  
the bald eag le ,  d ec l i ned to i s s ue a wa ter po l l u t io n  d i s­
ch arge permi t .  

• S e ad o ck deepsea por t ,  3 1  m i l e s  sout h-s o u t he a s t o f  Freeport , 
Te x a s ; a b i l i ty to rece ive tanke rs to 7 0 0 , 0 0 0  d e ad we ig h t  
ton s , wi th unload i ng r a te s  up t o  1 5 0 , 0 0 0  barre l s  p e r  hou r . 
Cance l l a t io n  o f  the proj e c t  o c c ur red a f te r  e x c e s s iv e  
l i cen s i ng re s tr i c t ions forced par t i c ipan t s  to w i thd r aw . 

• Enhanced o i l  prod u c t ion , Ke rn Co u n ty , Cal i fo rn i a . De lays 
c a used by fa i l ure o f  E PA and the Ca l i forn i a  Ai r Re s o u rce s 
Board to i s s ue nec e s sary perm i ts fo r s t e am g e nera to r s  i n  the 
l a te 1 9 7 0 ' s  re s t r i c ted prod uct ion by ne ar ly 2 0 0 M B / D .  I f  
add i t ional C l e a n  Ai r Ac t r e s tr i c t io ns we re removed , h e avy 
o i l prod uc t ion c o u ld i ncrease by 3 5 0  M B/D . 

• Georg e s  B a nk Mar i ne S an c tuary propo s a l .  Th e Con se rva t ion 
Law Fo un d a t ion nom i na ted the e n t i r e  Ge org e s  B a nk f i s hery a s  
a sanct uary - - a to tal o f  2 0 , 0 0 0  square m i l e s  e ncompa s s i ng 
the No r th Atl ant i c  OC S Le ase Sa le area . Th i s  nom i na t io n  wa s 
s ubmi t ted to d e l ay Le ase Sal e # 4 2 i n  m i d - 1 9 7 9  and to r e s e rve 
the Ge orge s B a nk area . Th e f i she ry wa s pl a c ed on the l i s t  
o f  are a s  tha t c o uld po s s ibly be d e s i g n a ted a mar i ne 
sanc t uary . 

• O i l  and g a s  prod uc t io n , Ba s t i a n  Ba y ,  Lo u i s i a n a ; 8 2 8 , 0 0 0 
barre l s  o f  o i l and 2 . 9  b i l l io n  c ub i c f e e t o f  n a t ur a l  gas  
reserve s .  A d e l ay of  1 53 d ays o c c u rred be fore the  Fe deral 
Energy Reg ul a to ry Comm i s s ion g r a n ted a perm i t  to bu i ld a ga s 
pipe l ine f rom an o f f shore pl a t fo rm .  

• O i l  prod u c t ion , We s t  Ha s t i ng s  F i e l d , Te x a s ; 4 M B/D . Re­
qu i remen t s  o f  the Te xa s Air  Con tro l Bo ard and E PA h av e  
prevented the u s e  o f  g a s-l i f t  compressors  s i nc e  l a te 1 9 7 8 .  

• O i l  prod u c t io n , Ca t Ca nyo n F i e ld , Cal i fo r n i a . Two s t e am 
generators were s h u t  d own d ue to t ig h t  n a t ura l g a s  s uppl ie s . 
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Th i s  re s ul ted i n  a d e c rease in  the prod uc t i on o f  c rud e o i l . 
An appl i c a t io n  wa s made to the Ca l i forn i a  A i r  Pol l u t io n  Co n­
trol Di s t r i c t  for S a n ta Barbara Cou n ty reque s t i ng p e rm i s s io n  
t o  u s e  c r ud e  o i l  for f ue l . The d i s tr i c t  wo uld no t g ra n t  a 
perm i t  un l e s s  the company h i red a n  o u t s i d e  c o n s u l tant to 
prepare an E I S .  The re s ul tan t d e l ay wa s e s t imated to be s ix 
to e ig h t  month s . 

• O i l  prod uc t i o n , USA # 1 -a , Pe rry Co un ty , M i s s i s s ippi . No rma l  
proced ure s  were f o l l owed t o  obta i n  approval f o r  d r i l l i ng a n  
e xpl orato ry we l l . Af te r d r i l l ing , c on trol probl ems we re 
e ncoun tered and the we l l  had to be abandone d . The company 
wan ted to d r i l l  an i d e n t i c a l  we l l  only 50 f ee t  f rom the 
f ir s t  one . The pe rm i t t i ng ag ency d e c ided tha t d o i ng s o  
wou l d  req u i r e  repe t i t io n  o f  t h e  e n t i re perm i t t i ng proce s s  
and c ompl e t io n  o f  another e nv i ronme n tal a s se s smen t .  I t  i s  
e s t ima ted tha t th i s  r eq u i reme n t  d e l ayed the proj e c t  f ive 
mon th s . 

• O f f shore o i l  and gas  produc tion , Block 1 0 4 ,  Eas t Came ro n , 
Louis i a n a . Re que s t s  for pe rm i ts to d r i l l  we re f i l ed i n  l a te 
1 9 7 8 ,  but  wer e  no t awarded un t i l  m i d -May 1 9 7 9 .  

• O f f shore o i l  and gas  produ c t ion , Block 6 8 7 ,  Ma tagord a  I s l and 
o f f Te x a s . An expl ora t io n  pl an wa s f i l ed w i th the appro­
pr iate  reg ula to ry agenc i e s  in Apr i l  1 9 7 8 .  The company 
d id not o b ta i n  approv a l  u n t i l  Ja nuary 1 9 7 9 .  Th e d e l ay 
s t emmed pr imar i ly f rom the u . s .  F i sh and W i ld l i f e Serv i c e ' s  
conce r n  tha t boa ts and he l icop te r s  pa s s i ng through the 
i n tercoa s ta l  wa te rway to and f rom the d r i l l i ng r i g  wo u l d  
d i st u r b  the wi n ter ne s t i ng grounds o f  whoop ing cranes  
l oc a ted i n  the Aran sa s Na t ional W i ld l i f e  Re f ug e . I t  ha s 
been demo n s t r a ted tha t th i s  i s  not the c as e . 

• Of f shore o i l  a nd g a s  prod u c t io n , Bl ock 9 1 2 ,  o f f Ge org i a . 
Th i s  tra c t  was p urchased a t  the federal  l e a se s a l e  h e l d  
Ma rch 2 8 ,  1 9 7 8 . Reque s t s  for pe rm i ts we re se n t  to the U . S .  
Army Co rps o f  Eng ineers o n  May 2 6 , to E PA o n  June 1 2 ,  a nd t o  
the u . s .  Ge o l og i ca l  Survey ( USGS ) on De cember 2 7 .  The we l l  
pe rm i t  wa s no t g r a n ted un t i l  May 1 6 , 1 9 7 9 ,  almo s t  one year 
after  the  f i r s t  reque s t s  we re s ubmi tted . 

• O f f s hore o i l  and g a s  prod u c t ion , B l ock 1 3 9 ,  So u th Ma rsh 
I s l and , Gul f of  Mex ico . Th i s  trac t was p urcha sed a t  the 
federal l e ase sale held De cember 1 9 ,  1 9 7 8 . Re qu e s t s  fo r a 
d r i l l i ng pe rm i t  were sent  to E PA o n  Febr uary 2 6 ,  1 9 7 9 ,  and 
to the USGS on March 9 .  Th e we l l  perm i t  wa s r e ce ived on 
July 1 2 , 1 9 7 9 ,  approx ima te ly f ive mon t h s  a f ter it wa s 
reque s te d . 

• O f f s hore o i l  and g a s  prod u c t ion , Sa nta Barbara Ch anne l ,  
Ca l i forn i a . After the 1 9 6 9 Santa Barbara o i l  s p i l l ,  the 
USGS impo sed a mo ra to r i um on construc t io n  of a l l  add i t io n a l  
pl a t fo rms i n  t h e  a r e a  wh i l e  i t  s t ud ied t h e  c a u s e  o f  the 
spi l l . In s t a l l a t io n  o f  Pl a t fo rm He nry wa s d e l ayed approx i­
ma tely 1 1  ye a r s  be fore the USGS f inal l y  approved the th ird 
d ev e l opme n t  pl an . 
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INDUS TRY EXPERI E NCE 

I .  E xplora t ion and Prod u c t ion 

A.  O f fshore Case S tudy No . 1 :  P l a t form G i n a  a nd P l a t form 
G i lda P ro j e c t  

Un ion O i l  Company o f  C a l i fo rn i a  proposed t o  deve l op a fede ral 
Outer Cont i nental S h e l f  ( OC S ) lease i n  th e H ueneme F i e ld and the 
Santa C l ara U n i t  of f shore Ventura Cou n ty , C al i fo rn i a . The proposed 
proj e c t , des i gnated the P la t form G i na and P l a t fo rm G i lda Pro j ec t ,  
i nc l uded two prod u c t ion pla t fo rms , p i pe l i ne s  to s hore , a n  o n s hore 
tr eat i ng f ac i l i ty ,  a nd prod uct/c rude o i l/nat ural g as p i pe l i n e s  
that wou ld conne c t  the trea t i ng f ac i l i ty t o  e x i s t i ng d i s tr ib u t ion 
systems . E xami n ed in  th i s  se ct ion are the appl i c ab l e reg u l a t i ons , 
leg i s l a t ion , and perm i ts to th i s  of fshore e ne rg y  pro j e c t  ( s ee Tab le 
8 1 ) ,  as we l l  as the reg u l a tory and pe rm i t t i ng d e l ays . T ab l e  8 2  
l i s t s  the pos s ib l e e nv i ronme ntal impac t s  res u l t i ng f rom t h i s  type 
of fac i l i ty .  In near l y  a l l  a c t i v i t i e s  the e n v i ronme n t a l  impa c t  i s  
o f  m i nor o r  low s ig n i f i c a nce . 

Seve ral road blocks to th i s  e xpl ora t i o n  and d ev e lopmen t  pro j e c t  
were encoun tered a s  a re s u l t  o f  the d e l ay i n  the  prepara t io n  o f  th e 
e nv i ronme ntal impac t repo rt/e nv i ronmen ta l  a s s e s sm e n t . Th e proj e c t  
slowdown wa s d ue to t h e  compl e x i ty i n  t h e  d eve lopme n t  o f  t h e  d o c u ­
m e n t  c aused by ove rlapp i ng j ur i sd i c t io n  ( f ed e r a l , s ta te , a nd local ) 
and by l im i ted c ommun i c a t ions be tween the agenc ie s ,  wh i c h  led to a 
s ix- to 1 2-mon t h  reg u l a to ry d e l ay f o r  the Gi na/G i ld a  Pro j e c t . 

B .  O f f shore C a s e  S t udy No . 2 :  The S an t a  Yne z U n i t  

1 .  H i s to r i c a l  B a ckground 

Th e Santa Yn ez Un i t  is compo sed o f  federal  l ea s e s  on the OC S 
near San t a  Barbara Co un ty , Cal i forn i a . Wa ter depth s i n  th e S a n t a  
Ba rbara C h annel range up t o  2 , 0 0 0 f ee t . In an t i c ipa t i on o f  a sa l e  
i nvol v i ng s uch deepwa te r  trac t s , Exxon h ad d evoted l arge amo u n t s  o f  
c ap i tal to pe rfe c t  the d e epwa ter te c hnolog y  requ i red for suc h ope r­
a t ion s . The s e  te chnolog ie s i nvolved floa t i ng d r i l l i ng te chnology , 
e xten s io n  o f  the use o f  pl atfo rms to ve ry d eep wa ter , a nd an en­
t irely new concept u s i ng a to tal ly s ubme rg ed p rod uc t ion sys tem . 

Exxon a cqu i red i t s  i n tere s t  i n  the se a nd o th e r  l e a se s  i n  the 
Santa Barbara Channel fo r $ 2 1 8  m i l l ion in e a r l y  1 9 6 8 . Af ter the 
leases we re acqu ired , 5 0  e xplora tory we l l s were d r i l l ed in th e 
Santa Barbara Channe l , several o f  wh i c h  se t wo rld record s f o r  
deepwa te r  d r i l l ing . Three o i l and g a s  d i s cover i e s  were made i n  
the we stern end o f  the Channel - - the Ho ndo f ie ld i n  1 9 6 9 a nd the 
Pe scado and Sac a t e  F i e l d s  i n  1 9 7 0 .  In  l a t e  1 9 7 0 ,  the fed eral 
g overnm e n t  approved the forma tion o f  the Santa Yn e z  Un i t , c o n s i st­
i ng of  1 7  l e a se s  encompa s s i ng these three f ie ld s .  The three f i e ld s  
are loc a ted in  wa ter depths rang i ng f rom 6 0 0  t o  1 , 2 0 0 f ee t ,  d eeper 
by far than any pre v i ous d eve lopme n t  a nywh e re in the world . Th e 
c rude o i l  to be found there i s  h ig h  in  s u l f ur conte n t  and f o r  the 
mos t  par t is located in a very d en s e  c h e r t  f o rma t io n . Th i s  comple x 
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TABLE 8 1  

Legi s l ative and Regulatory Permits Required 

for Platforms Gina and G i l da 

Revi ewing 

Agency 

City of Oxnard , Planning 

Department 

City of San Buenaventura ,  

Planning Department 

County of Ventur a , Planning 

Department 

County of Ventura , Pl anning 

Department 

County of Ventura , Local 

Agency Formation Commi s s ion 

Port Hueneme , 

Oxnard Harbor Di strict 

County of Ventura , 

Property Admi nistration 

Agency 

County of Ventur a ,  Air 

Po l lution Control 

District 

Permi t ,  Lea s e ,  or 

Approval Required 

Amendment t o  General 

Plan 

Special Us e Permit 

Zone Change Application 

Parcel Map 

Amendment to General 

Plan 

Condit iona l Us e Permi t 

Zone Change Appl i c at ion 

Modif ication to Exi sting 

Condi tional Us e Permit 

Water cour s e  Encroachment 

Permit 

Annexation to City or 

Water Di strict 

Eas ement Permit 

Land Leas e Permit 

Permit Authority to 

Construct and Operate 
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Appl icable 

Project 

Mandalay 

East Mandalay 

Mandalay 

Eas t  Mandalay 

Ormond Beach 

Manda l ay 

Manda l ay 

East Mandalay 

Ormond Beach 

Union Oil Ma rine 

Terminal 

Uni o n  Oil Mari n e  

Terminal 

Union Oil Marine 

Terminal 

Union Oil Marine 

Termina l  

Onshore Pipeli nes 

for Union Oil 

Marine Terminal , 

or Ormond Beach 

Al l Onshore Sites 

Onshor e Pipe lines 

Ormond B each 

Manda l ay 

Al l Onshore Sites 



Reviewing 
Agency 

California Coastal 
Commis sion 

State Lands Commis sion 

State  Department of 
Fish and Game 

State Department of 
Boatings and Waterways 

State Department of 
Parks and Recreation 

California Regional Water 
Quality Control Board 

u . s .  Army Corps of 
Engineers 

u . s .  Coast  Guard 

u . s .  Geological Survey 

State Water Resources 
Control Board 

u . s .  Environmental 
Protection Agency 

TABLE 8 1  ( Continued ) 

Permi t ,  Lea s e ,  or 
Approval Required 

Coastal Development 
Permit 

Federal Consistency 
certification 

Lease of Pipeline 
Right of Way 

Stream Alternation Permit 

Comments Only 

Comments Only 

Tr enching Permit 

Hydrostatic Tes t Permit 

Platform Structure Permit 

Section 40 4 Permit 

Navigational Aids Approval 

Plan of Development 
Approval 

Air Quality Permi t 

Applicabl e 
Project 

Of fshore Pipelines 
Al l Onshor e El ements 

Overal l Pro j ect  
Revi ew 

Al l Offshore 
Pipelines 

Onshor e Pipeline 
for Union Oil 
Marine Terminal ,  
or Ormond Beach 

All Offshore 
Pipelines 

Al l Offshor e 
Pipelines 

Gina and Gilda 

Offshor e Pipelines 

Sights and Sounds 
on Both Offshore 
Platforms 

Gina and Gilda 

Gina and Gi lda 

Federal Consistency Al l Offshore 
Certification Pipelines 

Pr evention of Significant Al l Onshore Sites 
Deterioration ( PSD ) Permit 

National Pollution 
Di scharge Elimination 
System (NPDES ) Permit 
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Environmental 
Factor 

Air Quality 

Water Quality 

Land Impacts 

TABLE 82 

Possible Environmental Impacts from 
Platforms Gina and Gilda 

Activity 

Construction 

Drilling 

Production 

Construction 

Drilling 

Production 

Construction 

Nature of Impact 

Minor increases off­
shore in emissions 
of NOX , so2 , CO, HC , 
and particulates 

Minor increases in 
emissions of NOx , co , 
so2 , HC , and particulates 

Minor increas es onshore 
and offshore in emissions 
of NOx , so2 , co , HC , and 
particulates 

Localized minor increases 
in turbidity 

Localized minor alteration 
of ocean water quality 
resulting from discharges 

Localized minor increases 
in turbidity 

Localized minor alteration 
of ocean water quality 
resulting from discharges 

Localized minor attentions 
of water quality resulting 
from di scharges , and leach­
ings of metals 

Negligible water t emperatur e  
alternation caused b y  heat 
dissipation from offshore 
pipelines 

Localized minor alteration 
of topography 

Localized minor disturbance 
of soils 
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S ignificance* 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 



Environmental 
Factor 

Land Impacts 
( Continued ) 

TABLE 82 ( Continued )  

Activity 

Construction 

Dril ling 

Production 

Nature of Impact 

Localized minor disturbances 
in beach/near-shore crews 

Elimination of s edimentary 
habitat ( 2 1 0 , 0 0 0  ft2 ) and 
associated marine organi sms 

Localized minor alteration o f  
phytoplankton productivity 

Entrainment of zooplankton 
( 6 , 5 0 0  lbs ) 

Temporary loss of commercial 
fishing area 

Removal of vegetation and 
temporary or permanent loss 
of following habitats fore­
dune , dune scrub , ruderal , 
and urban 

Displacement or elimination 
of individuals of the animal 
species associated with the 
disturbed habitats 

Increase in biomass and spe­
cies diversity near platform 

Elimination of sedimentary 
habitat ( 83 , 0 0 0  ft2 ) and 
associated marine organisms 
beneath cuttings mounds 
near platforms 

Localized minor alteration 
of phytoplankton productivity 

Poss ible effects on marine 
animals from presence of 
platforms , increased noi s e ,  
and human activity 

Increased biomass  and species 
diversity related to new sub­
strate 
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S ignificance* 

L 

L 

L 

L 

L 

L 

L 

L-M 

L 

L 

L 

L-r-1. 



Environmental 
Factor 

Land Impacts 
( Continued ) 

Ecological 
Impacts 

TABLE 82 ( Continued ) 

Activity 

Production 

Dril ling 

Production 

Construction 

Nature of Impact Significance* 

Localized minor alteration of 
phytoplankton productivity L 

Consumptive use of fresh 
water 

Temporary interference with 
local land uses 

Minor temporary interference 
with recreational activities 

Short-term increased traffic 
volumes on the local road 
system 

Minor alteration of seafloor 
topography resulting from 
formation of cuttings mounds 
at the two platforms 

Consumptive use of fresh 
water ( 44 . 1 acre- f eet ) 

Minor increases in traffic 
volumes on the local road 
system 

Depletion of non-renewable 
resources ( 52 . 5  million bbl 
of oil ; 4 1 . 7  billion SCF of 
natural gas ) 

Consumptive use of fresh 
water ( 9 . 4  acre-feet )  

Commitment of land to indus­
trial use 

Negligible increases in traf­
fic volumes on the local road 
system 

Temporary disturbances of 
s edimentary habitat and 
associated marine oraganisms 
( 32 0 , 00 0  ft2 ) 
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L 

L 

L 

L 

L 

L-M 

L 

L 

L 

L 

L 

L 



TABLE 82 ( Continued ) 

Environmental 
Factor 

Ecological 
Impacts 
( Continued ) 

Aesthetic 
Impacts 

Activity 

Construction 

Construction 

Drilling 

Production 

Socio-economics Construction 

Nature of Impact 

Entrainment of zoo­
plankton ( 1 , 3 0 0  lbs/ 
day ) for 3 -year 
period at Platform 
Gina related to 
seawater intake for 
reservoir pr essure 
maintenance program 

Loss of potential com­
mercial fishing area ; 
possible effects on 
marine mammal s  due 
to noise,  increased 
activity , and presence 
of platforms 

Localized sound level 
increases at offshore and 
onshore locations 

Temporary visual intrusion 
affecting offsite viewers 

Localized sound l evel 
increases at the two 
platforms 

Visual intrusion of two 
platforms 

Localized sound level , 
increases at offshore 
and onshore locations 

Visual intrusion of 
onshore treating facili­
ties and two platforms 

Minor increased demand 
for transient housing ,  
services , and utilities 

Minor increase in employ­
ment opportunities 
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Significance* 

L 

L 

L 

L-M 

L 

L-M 

L-M 

L-M 

L 

L 



TABLE 82 ( Continued ) 

Environmental 
Factor Activity 

Socio- economics Construction 
( Continued ) 

Dril ling 

Production 

Cultural Construction 

Nature of Impact 

Increased sal es and use 
taxes accruing to local 
governments and to the 
state 

New local taxable 
r etail sales 

Negligible to minor 
increas ed demand for 
transient housing , 
service s ,  and utilities 

Negligible increases in  
employment opportunities 

Increased sal es and use 
taxes ( local and stat e )  

New taxable  retail sales 
to local government 

Negligible to minor 
increased demand on housing , 
services , and utilities 

Negligible increas e  in 
employment opportunities 

New property tax revenue 

Sales and use tax revenue 
accruing to local and state 
governments 

New taxable retail sales 
to local government 

New royalty payments to 
u . s .  government 

Possible  disturbance of 
an onshore ethnographic  
site , and three potential 
offshore shipwreck loca­
tions 
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Significance* 

L-M 

L 

L 

L 

M 

M 

L 

L 

L 

L 

L 



Environmental 
Factor 

Accidents 

*L low ;  M 

TABLE 82 ( Continued ) 

Activity 

Dril ling 

Production 

medium; H 

Nature of Impact 

Accidental oil spil ls could 
have effects on various 
environmental resources 
and uses . The magnitude 
of effects depends on spil l  
s ize,  location,  and time 
of year 

Same as above 

high .  

S ignificance* 

L-H 

L-H 

s i tu a t i o n  carr i e s  wi th i t  mo re than the normal u n c e r t a i n t i e s in­
volved i n  e s t ima t i ng r e s e rve s and pred i c t i ng f u t ure p rod uc t io n . 

Based o n  2 9  e xplora tory we l l s  d r i l le d  w i th i n  the Santa Yne z  
Un i t  a re a , the mos t  s i g n i f i c an t  rese rve s appe ared to be i n  the 
Hondo F i e l d . Eve n  though there was con s iderable  e co nom i c  r i s k  
a sso c ia ted w i th t h i s  d e epwa ter developme n t , par t i c u l ar ly w i th the 
r e l a t ive l y  poor c r ud e  o i l  and rese rvo i r  proper t ie s , Exxon d e c ided 
to und e r take very l arg e expend i tures i n  the Ho nd o F i e l d . 

In e a r ly 1 9 7 1 , a Pl an of Operat ions fo r i n i t i al d eve l opmen t  o f  
Hond o was s ubmi t ted t o  the USGS . Exxon e xpec ted t h a t  the p l an 
wo uld be approved in  abou t s i x  mo nths and tha t prod u c t i o n  c o u l d  
beg i n  i n  e arly 1 9 7 4 .  Th i s  t iming w a s  i n  kee p i ng w i t h  E x xo n ' s  
e xpe r i ence i n  the Gu l f  o f  Me x i co and wi th tha t o f  o th e r  ope r a to r s  
in  t h e  S a n t a  Barbara Channe l . Exten s ive reg u l a tory d e l ays were 
encoun te red , howev e r . As a r e s ul t ,  prod uc t i o n  s t a r t - u p  c o u l d  no t 
be a c c ura tely foreca s t . 

2 .  Fed e r a l  P l a n  Approval 

Fol l ow i ng s ub m i t tal o f  the P l a n  o f  Ope r a t i ons i n  e a r l y  1 9 7 1 , 
the USGS determ i ned that a more de ta i l ed p l a n  wa s r eq u i red . The 
f i nal p la n ,  whe n  s upplemen ted by a seve n-vo l ume repo r t  l a te r  i n  
1 9 7 1 , was the mos t  e x te n s ive eve r  f i l ed b y  a n  opera tor o f  a federal 
lease . Based on th i s  mate r i a l , a n  1 , 8 0 0- page fede ral E I S  was pre­
pared by the USGS . Th i s  wa s the f i rs t  E I S  eve r  prepared for an OC S 
deve l opme nt . P ub l i c  he a r i ng s  we re held f o r  thr ee days i n  S a n t a  
Ba rbara . The f i nal E I S  wa s i s s ued i n  May 1 9 7 4 . 

I n  Aug u s t  1 9 7 4 , a f te r  more than thre e ye a r s  o f  s t udy , the 
Secre tary o f  the I n ter ior approved the P l a n  of Ope r a t ions . Two 
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a l terna t i ve s  for t re a t i ng and t ranspor t i ng the prod u c e d  o i l  were 
recomme nded . The pre fe rred plan prov ided f o r  t r e a t i ng the o i l  
onshore a nd t h e n  mov i ng i t  t o  ma rke t b y  t anke r u s i ng a n  e x i s t i ng 
b u t  mod e r n i z ed ma r i ne t e rm i nal . Howev e r , t h e  S e c r e t a ry r e c og n i z e d  
th a t  d i f f i cu l t i e s  could b e  e ncountered i n  s e cu r i ng the ne c e s s ar y  
l ocal cons e n t s . I n  o rd e r  to as sure t ime l y  deve l opme n t  o f  th i s  
dome s t ic e n e rg y  r e s e rve , h e  a l so approved a floa t i ng o f f s hore 
s torag e  a nd t r e a t i ng ( OS &T )  f a c i l i ty w i th tanke r load i ng f ac i l i t i e s  
to b e  moored i n  f ed e r a l  wa te rs . No s e r ious  ob j e c t io n s  t o  t h e  P l an 
of Ope ra t ions were vo i c ed b y  t h e  S ta t e  of C a l i for n i a  d u r i ng t h e  
e nt i re plan r e v i ew proc e s s . I n  fac t , the S ta t e  Lands Comm i s s ion 
adopted t h e  fede r a l  E I S  a s  its  own report d u r i ng proceed i ng s  that  
led to  t h e  gran t i ng o f  a p i pe l i ne a nd mar i ne te rm i n a l  l eas e . 

3 .  I n i t i a l  Deve lopmen t  Plan ( On shore ) 

Even b e fore f e d e r al approval of the plan , E x xon b eg a n  e f fo r t s  
t o  s e c ur e  neces s ary l ocal  p e rm i ts . Fo l l ow i ng a n  e x t e ns i ve Coun ty­
prepared e n v i ronme n t a l  impact r e por t ,  the onshore t re a t i ng f ac i l i ty 
a nd mar i n e  t e rm i n a l  we re approved b y  the S a n t a  B a rb ar a  Cou n ty 
P lann i ng Comm i s s ion a nd the Board o f  S upe rvi sors . I n  May 1 9 7 5 ,  
they were approved b y  vot e rs i n  a re f e re nd um .  

Fol low i ng t h i s  r e f e re ndum , E x xon appl i ed to the South C e ntral 
Reg ion Coas t a l  Comm i s s ion for a perm i t  for th e por t i on o f  th e 
p ipe l i ne and mar i ne t e rmi nal that  wou l d  b e  i n  the Coa s tal Zone . 
Dur i ng the course o f  t hose proce ed i ng s , oppone n t s  o f  th e pro j e c t  
recomme nde d  d e l e t ion o f  the ma r i n e  te rm i nal por t ion o f  the onshore 
fac i l i t i e s  in f avor of p i pe l i ne transport at ion . The q u e s t ion o f  
p ipe l i ne transpo r t a t i o n  had b ee n  cons ide red b y  t h e  fede r a l  E I S and 
re j e cted b e c au s e  a p i pe l i ne h ad no e nv i ronme n t a l  ad vantage and a 
s ub s tant i a l  e conom i c  d i s ad vantag e  compared to u s i ng t a nke rs . 

The Reg i onal Comm i s s ion cons idered the p i pe l i ne a l t e rn a t ive , 
r e j e cted i t ,  a nd i n  S ep t emb e r  1 9 7 5  i s s u ed a pe rm i t  for the 
faci l i t i es , i nc l ud i ng t h e  ma r i ne t e rmi nal , to be located w i th i n  
the coas t a l  zone . Dur i ng the local a nd r e g i on a l  proceed i ng s , 
the Cou n ty o f  S a n t a  B a rb a ra and Reg i onal Coas tal Zone Comm i s s ion 
imposed a to ta l of 7 6 c ond i t ions on the ir approva l s , a l l  o f  wh i c h  
were accep ted b y  Exxon . 

4 .  The P ipe l ine I s s ue 

Opponen t s  o f  the p ro j e c t  appe aled the Reg ional  Comm i s s io n ' s  
p e rm i t  d e c i s io n  to the St ate Coastal Z o ne Comm i s s ion . Th e S t a te 
Commi s s io n ' s  s ta f f  h ad ad opted a pos i t ion oppo s i ng t h e  loc a t ion o f  
marine  term i n al s wi th i n  the Co astal Z o ne . Th ey wa n t ed i n s t e ad to 
p i pe l in e  Sant a  Yne z  c r ud e  o i l a s  part  o f  a s tr a te g y  to even t u al l y  
e l im in a t e  ma r in e  t e rm i nal s .  Ex xon d id not con s id er a p i pe l i ne to 
be a f e a s i b l e  a l te rn a t ive fo r Santa Yne z , d u e  to n umerous probl em s  
and u n c e r ta in t i e s . 

Be cause  the r e  i s  no p i pe l i ne in  the v i c i n i ty o f  Santa Yn e z , 
i t  wo uld h ave b e e n  n e c e s s a ry to con s truc t a n e w  l in e . Al thoug h 
several al terna t iv e  rou te s we re con s i d ered , d i s c u s s ion w i th the 
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State Commi s s ion s ta f f  focused on a 1 4 0 -m i l e  p i p e l i ne to the Lo s  
Ange l e s  harbor re f i n ing area . Re f i ner ie s i n  the Lo s Ang e le s  area 
have more than one m i l l ion barre l s  per d a y  o f  d i s t i l l a t ion capa­
c ity , but d e sul f ur i z a t ion c apac i ty is  l im i te d . Ac cord i ng ly , i n  
Exxon ' s  mos t  opt imi s t i c  e s t ima t ion , the l o c a l  re f i ne r i e s  wo u ld take 
only 3 5  to 4 0  M B/ D  o f  the h ig h- s ul f ur Santa Yn e z  c rud e o i l . Th us , 
a t  the pro j e c te d  peak prod u c t ion ra te o f  8 0  M B / D ,  5 0  to 6 0  percent  
o f  the  crud e o il wo u l d  have to be loaded o n to tanke r s  in  the  Lo s 
Ang e l e s  area for tran s s h i pmen t  to other  re f i n i ng c e n t er s . 

Furthe rmor e , Exxon wa s far f rom c e r ta i n  tha t the pred i c te d  pro­
d uc t ion of 8 0  MB/ D  wo u l d  ever be real i ze d . Suc h a l e v e l  o f  pro­
d u c t ion wo uld requ i re add i t ional plat forms o r  s im i l ar s tr u c t ure s 
a t  Ho nd o and the o th e r  two f ie ld s . Wi th o n l y  the i n i t i a l  d ev e lop­
men t  at Hond o , prod u c t ion wa s e xpec t ed to peak at abou t 2 7  M B/ D .  
Exxon d id no t b e l ieve a pipe l ine cos t i ng $ 6 0 - 7 0  m i l l ion c o u l d  be 
j us t i f ied for that l evel  of prod uc t ion . 

In sp i te o f  the p robl ems and unc e r ta i n t ie s  o f  a p ipe l i n e , Exxon 
s pe n t  sev e ral mon th s  neg ot i a t i ng w i th the S t a te Comm i s s ion and i ts 
s ta f f  to f i nd a s u i table compromise . The company o f f e r ed to spend 
$ 5 0 0 , 0 0 0 f o r  pr e l im i nary eng i ne e r ing s t ud i e s  a nd prepa r a t io n  o f  an 
e nv i ronme n t a l  impac t r e port for a p ipel ine . I f  the s t ud i e s  i nd i ­
c ated tha t a p i pe l i n e  wo u l d  be econom i c a l l y  and env i ronme n ta l l y  
sound , Exxon wa s w i l l i ng t o  beg in t h e  proc e s s  o f  obta i n i ng nece s ­
sary perm i t s from t h e  more than 1 4  g ove r nmen t  e n t i t i e s  hav i ng 
j ur i sd i c t ion a long th e 1 4 0 -m i l e  rou te to Lo s  Ange le s .  Add i t iona l­
ly , Ex xon o f fe red to spe nd up to $ 4 0  m i l l ion f o r  i ts share of a 
commo n-carr i e r  p i pe l ine that wo uld be ava i l ab l e  to a l l  p rod u c e r s  in  
the area if  the company d eve loped prod uc t i on in e x c e s s  o f  40  M B/D , 
neces s a ry p e rm i t s  could be obta ined , and o t h e r  p rod u c e r s  c omm i tte d  
reserve s and f i nanc ial par t i c ipation t o  the p ipel ine . 

On March 3 ,  1 9 7 6 ,  a ft e r  a lmo st two ye ar s o f  e f fo r t  to obta i n  
requ ired s ta te and l o c a l  p e rmi t s , t h e  S t a t e  Coa s ta l  Z o n e  Comm i s s ion 
d en ied the Re g ional Commi s s ion ' s  perm i t ,  r e j e c ted Ex xon ' s  o f fe r s , 
and i s s ued a pe rmi t w i th cond i t ions the company c o u ld not accept . 
I n  e sse nce , t he S t a te Co astal Zone Comm i s s ion ' s  cond i t i o n s  r e q u i red 
tha t Exxon bu i ld a p ip e l i ne to transpo r t  the o i l  to an u n known 
d e s t i na t ion wi tho u t  a l im i ta t ion on cos t . The Comm i s s ion ' s  p l an 
had severe e conom i c  d i s advantag e s  and no e n v i ronme n t a l  ad vantag e s .  
Ex xon broug h t  s u i t ag a in s t  the Comm i s s io n  to pr e v e n t  i t  from i n t e r­
fer i ng wi th the Plan o f  Ope rat ions approved by f ed e ra l , s ta t e , and 
local ag enc i e s . Th e Comm i s s ion arg ue d  tha t  i t  wa s not i n te r f e r i ng 
with the d eve lopme n t  o f  the Santa Yne z  Un i t ,  s i nc e Exxon was f r e e  
to u s e  the approved of f s ho re tre a t i ng al terna t iv e .  Ex xon had hoped 
for qu i c k  re so l u t ion in the cour t s , wh ich d id no t o c c u r , and the 
s u i ts we re s ub s eque n t l y  d roppe d . 

5 .  I n i t i a l  Dev e l opmen t  Plan ( Of f shore ) 

Me anwh i l e ,  t he De partm e n t  of the In te r io r  ( DO I ) r e - ev a l uated 
the p ipe l i ne and tanker a l ternat ive , conc l ud ed t h a t  t h e  State  Com­
m i s s ion ' s  cond i t ions we re unreasonab l e ,  a nd me t w i th the Comm i s­
s io n ' s  cha i rman a nd s ta f f  in an attempt to wo rk o u t  a so l u t io n . 
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The se e f fo r t s  we r e  a l so un suc c e s s f ul . In Ju l y  1 9 7 6 , DO l r ea f f i rm e d  
i t s  pr ior approval o f  the o f f shore tre a t i ng a l te r n a t iv e . Exxon 
the r e fo re proceed ed w i th the OS& T f ac i l i ty and had spe n t  mor e  than 
$ 8 0  m i l l ion on i t .  Add i ng to that the cos t o f  the  p l a t form , 
l ease s ,  a nd expl ora tory wo rk , Ex xon had more than $ 5 0 0  m i l l io n  
i nve s ted i n  t h e  San t a  Barbara Channel be fore i t  had p rod uced t h e  
f i r s t  barrel  of o i l . 

Ex xon b e l i eved t h a t  DOl ' s  r ea f f i rm a t i o n  o f  the  OS& T f ac i l i ty 
i n  Jul y  1 9 7 6  wo u l d  e nd the unc e r ta inty s urround i ng approval o f  t h e  
o f f shor e  pl an . Howe ve r ,  i n  No vember 1 9 7 6 ,  t h e  St ate Comm i ss ion 
f i led s u i t  se e k i ng an i n j u n c t ion to s top u s e  o f  the O S & T  fac i l i ty . 
The cour t d e n i e d  the s t a te ' s  reque st . The n , i n  Ja nuary 1 9 7 7 ,  the 
S ta te o f  Ca l i for n i a  and San t a  Barbara County reque s te d  the  n e w  
Secre t a ry o f  t h e  In t e r ior t o  revoke DOl ' s  approva l  o f  t h e  O S & T  
fac i l i ty .  A g r e a t  d e a l  o f  corr e s pond e nce fol lowe d , i nc l ud ing pro­
posed new o nsho re pe rm i t  cond i t ions from the S t a te o f  Ca l i fo rn i a . 
However , near the e nd o f  Aug us t 1 9 7 7 ,  some e i g h t  mon t h s  l a te r ,  
DOl ad v i se d  the s t a te tha t  i t  wou l d  no t r evoke Ex xon ' s  o f f s h o re ap­
prova l . Th u s , the O S & T  f ac i l i ty was a f f i rmed for the t h i rd t ime . 

The O S & T  fac i l i ty i s  bas i c a l ly an o i l-tre a t i ng f a c i l i ty s im i l ar 
to many tha t  Ex xon oper a te s . On e ex cept ion , thoug h ,  i s  that  the 
fac i l i t i e s  were i n s t a l l ed on the d e ck of a conver ted tanke r .  Th e 
OS& T f a c i l i ty i s  moored near the pl atfo rm i n  f e d e r a l  wa te r s . Oi l 
prod uced a t  the plat form i s  p i p e l i ned to the O S & T  f ac i l i ty ,  whe r e  
i t  i s  treated a n d  s to re d  i n  t h e  v e s s e l ' s  c argo tank s . Th e t r e a te d  
c r ud e  o i l  p e r iod i c a l ly i s  loaded onto a sh u t t l e  tanke r f o r  d e l i v e r y  
t o  re f i ne r ie s .  A p o r t i on o f  the g a s  prod u c ed a t  the  p l a t fo rm i s  
tre a ted on t h e  O S & T  f ac i l i ty to r emove h yd roge n  s u l f id e  and i s  t h e n  
b ur ned a s  f ue l  i n  g a s  turb i ne s  used t o  g e ne rate e l e c tr i c i ty f o r  the 
opera t ion . 

6 .  Wa t e r  D i s c h a rg e s  

I n  S ep t emb e r  1 9 7 6 , E P A  ad v i se d  E x xon t h a t  an N P DE S  pe rm i t  wou l d  
b e  req u i red for d i scharges  from the O S &T fac i l i ty .  B e c a u s e  t h i s  
OS&T fac i l i ty i s  a ve s se l , t h e  compa ny b e l i eved t h a t  s uc h  a p e rm i t  
wou ld not b e  r eq u i r e d . Di scharg e s  from the O S &T f ac i l i ty are 
ma i nly s e awa t e r  ( c oo l i ng sys tem , s eg reg a ted s h ip s  b a l la s t , f i r e  
wa t e r  s ys tem ) a nd treat ed s a n i t a ry a n d  d ome s t i c  wa s t e . A l l  o f  th e 
d i s c h a rg e s  me e t  o r  are b e t t e r  than fede ral a nd s ta te spe c i f i ca­
t ions . E x xon f i l e d  for an NP DE S pe rm i t  und e r  prote s t .  Ne i th e r  EPA 
nor anyone e l s e  has found f a u l t  w i th the w a t e r  d i s c h a rg e s .  The  
pe rm i t  was  f i nal l y  i s s ued i n  Feb ruary 1 9 7 8 . I s s ua n c e  was d e l ayed 
for month s wh i l e  EPA a t temp ted to place  a i r  em i s s ion cond i t ions on 
the wa t e r  d i s ch a rge pe rmi t .  

7 .  A i r  Emi s s i Qn s  

The fede ral E I S  cons idered pote n t i a l  a i r  pol l u t i on e f fe c t s , 
i f  any , d ue to ope r a t ions o f  the OS&T fac i l i ty .  I t  concluded t h a t  
the r e  wou ld be no s i g n i f i ca n t  e f fe c t s . EPA part i c i pa t ed i n  th e 
prepa r a t ion of the E I S , a s  d i d o f f i c i als o f  the  S t a t e  o f  C a l i forn i a  
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and Santa Barb a ra County . At no t ime d u r i ng those proc ee d i ng s  d id 
EPA o r  any o t h e r  ag e ncy q ue s tion the E I S ' s  conc l u s ion . E x xon 
reta i ned cons u l ta n t s  w i th e x pe r t i se in the area a nd th e r e s u l ts of 
the i r  s tu d i e s  s upported that pos i t ion a l so , i . e . , t h a t  proj e ct 
emi s s ions wou l d  not s i g n i f i ca n t l y  a f fe c t  loc a l  a i r  q ua l i ty .  

E x xon p l anned for many features th a t  m i n i m i z e  those emi s s i ons . 
For exampl e ,  the  O S & T  fac i l i ty was d e s igned so t h a t  hyd roc a rb o n  
emi s s ions from the prod u c t i on and s torage o f  o i l  a r e  v i r t u a l l y  
e l imi nated . Al l c rude o i l  and wa ter s to rag e t a n k s  are g a s  
b lanke t ed . A s  t h e s e  t a nks f i l l  w i t h  l iq u id , t h e  vapors e xp e l l e d  
a r e  col l e c t ed , compr e s sed , a nd rou ted i n to t h e  fue l g a s  sys t em o n  
the OS&T fac i l i ty ,  whe r e  they a re cons umed i n  t h e  g a s  t urb i ne s . 

I n  S eptemb e r  1 9 7 7 , EP.A ad v i s ed Ex xon that  a n  a i r  pe rm i t wou l d  
b e  req u i r ed for t h e  S a n t a  Y n e z  fac i l i ty .  Th i s  wa s the f i rs t  t ime 
that EPA c la i med j ur i sd i c t ion ove r a i r  e m i s s ions from r e source 
developme n t  on the OC S .  S i nc e  the C l e a n  A i r  Ac t Ame ndme n t s  o f  1 9 7 0  
we re e nac ted , mor e  than 7 0 0  plat forms and s t r u c t u r e s  for o i l and 
gas d r i l l i ng ,  t r ea t i ng , a nd proces s i ng h ad b e en cons t r u c t ed on the 
OCS . Not one h ad b e e n  r eq u i red to h a ve a pe rm i t . 

8 .  S ummat ion 

Th i s  case  h i s tory h i g h l ights  the  d i f f i c u l t i e s  o f  one o i l  pro­
duce r in i t s  a t temp t s  to deve l op of f sho re re s e rve s . Three E I S s  
we re prepared . Twe n ty-one ma j o r  pub l i c h e a r i ng s  ( a nd nume rou s 
work i ng s e s s ions w i th va r iou s s t a f f  g roups ) w e r e  h e l d . The d ev e l­
opme n t  re c e i ved 10  ma j o r  government approva l s , a nd the  onshore p l a n  
wa s approved b y  t h e  vot e rs i n  a coun ty-wide  r e f e re nd um . I n  ad d i ­
t ion , the o f f s hore tre a t i ng p l a n  wa s revi ewed a nd a f f i rme d s everal  
t imes . Twe l ve l aws u i t s we re f i l ed in  conne c t ion w i th e x p l orat ion 
and developme nt of the  Santa Yne z  Un i t  l e a s e s ,  s ome i n i t i a ted by 
Ex xon . Ex xon inv e sted over $ 3 8 0 mi l l ion i n  the Santa Yn e z  Un i t  and 
more than $ 50 0  m i l l ion i n  the Santa Barb ara Channe l .  Af te r 1 3  
year s of pl ann i ng , h e a r i ng s , and l i t i g a t ion , Ex xon beg an prod u c ing 
o i l  from the Hondo p ro j e c t  i n  Apr i l  1 9 8 1 .  

I I .  Re f i n i ng 

A .  Cons t r u c t i on Trends 

Rec e n t  i nve s tme n t s  i n  re f in i ng capac i ty h ave b e e n  appl i ed more 
to the expans ion and mod e rn i z a tion o f  e x i s t i ng p l a n t s  than to the 
d eve lopme n t  of gras s roo ts f ac i l i t ie s .  From 1 9 7 0  t o  1 9 7 9 ,  dome s t i c 
re f i n ing capac i ty i n c reased by 4 4 . 3 p e rcen t .  Of t h i s  g rowt h , 8 8  
percent wa s by e xpan s ion o f  e x i s t ing f ac i l i t i e s  and 1 2  pe r c e n t b y  
n ew pl an t s . l 6  Th e r e  we re 7 1  g ra s sroo t s  pro j e c ts b u i l t  d u r ing 
th i s  per iod , b u t  d ue to the " smal l  re f in e r  b i a s , "  mo s t  wer e  q u i te 
smal l .  Fo rty-four had capac i t ie s  o f  l e s s  than 1 0  M B/ D . On l y  four 
maj or re f in e r i e s  o f  c apac i t y  greater than 1 0 0  MB/D were co n­
s truc ted ( Tabl e 8 3 ) .  

It i s  important to no te tha t the s i t i n g  and p e rm i t t i ng requ i r e­
men t s  o f  the s e  maj or p ro j e c t s  we re compl e ted i n  the e a r l y  1 9 7 0 ' s .  
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Firm 

Atlantic 
Gulf Oil 
Mobil Oil 
Marathon 

TABLE 83 

Refineries of Greater than 1 0 0  MB/D Capacity 
Constructed from 1 97 0  to 1 97 9  

Location Year 

Richfield Ferndale , WA 1 9 7 1 
Belle Chasse,  LA 1 9 7 1 
Joliet , IL 1 9 72 
Garyvil le,  LA 1 9 7 5  

Capacity 
{ 1/ 1 /79 ) 

{ MB/D ) 

1 0 6  
1 96 
1 80 
2 0 0  

Sub seque n t  d eve l opmen t  o f  pe rm i tting req u i r emen t s  and proced u r e s  
pose s ig n i f i c an tl y  g re a te r  r i sks f o r  d e l ay t h a n  t h e s e  abov e ­
m e n t ioned proj e c t s  e xpe r i e nc ed , a nd i t  i s  conce i v a b l e  tha t t h e s e  
pro j e c t s  wo uld no t be approved u nd e r  tod a y ' s  permi t t i ng requ i r e ­
ments . 

Oppo s i tion to new l arge r e f i ne r i e s  on the E a s t  Co ast h a s  pre­
ven ted a ny n ew s i t i ng there w i t h i n  the pas t 2 0  ye ar s . F i rms tha t 
p ropo se a l arge g ra s s roots proj e c t  on the Ea s t  C o a s t  typ i c a l ly 
e xpect a d e lay o f  f ive t o  1 0  ye ars to obta i n  a l l  p e rm i t s . A 
s ub s ta n t i a l  r i sk o f  ul t im a te d e n i a l  i s  al so recog n i ze d . Ta ble 8 4  
l i s t s  2 0  p ro j e c t s , mos t ly o f  l arge s i ze r e f i n e r ie s ,  that  were 
p l anned bu t nev e r  bu i l t . 

B .  Proj e c t  Lead T i me and P l a n n i ng 

The construc t io n  o f  a large g ra s s roots r e f i n e ry i s  now e xp e c te d  
t o  take about f ive ye ars f rom t h e  t h e  t ime f ron t-e nd eng i n e e r i n g  
b eg i n s . Dur ing t h e  pr el im i nary eng i n e e r i ng pha s e , i t  i s  a s s umed 
tha t an e nv i ro nme n t al a s s e s sment w i l l  be prepared and p e rm i t s  
a ppl ied for . I f  the s e l e c ted s i te does no t po se any c r i t i c al 
e n v i ro nme n t a l  or soc i a l  p robl ems and the p ro j e c t  r e c e ives s upport 
f rom the s t a te g ove rnmen t  and local  commu n i ty ,  a l l  pe rm i ts c o u l d  be  
expec ted i n  two to four ye ar s . Dur i ng th i s  p e r iod , man ageme n t  d e­
c is ions wi l l  be mad e abo u t  how far to g o  w i th l and purchas e , s i te 
prepara t ions , a nd d e s ig n  e ng i ne e r i ng . Each of the s e  s te ps w i l l 
i nvolve mul t im i l l i on-d ol l ar inv e s tme n t s . Ou t l ay o f  t h i s  m u c h  c a p i ­
t a l  w i l l  be based o n  manag emen t ' s  j udgme n t  o f  the r i s k  o f  obta i n in g  
p e rm i t  approv a l s  wi tho u t  undue d e l ay . Af t e r  abo u t  one ye a r  of e n ­
g in e e r i ng , p ur c h a s e  contracts w i l l  be e x e c u te d  f o r  pre fabr i c a t ion 
o f  major re f i ne ry compone n ts , s uc h  a s  p r e s s u r e  ve s s e l s ,  m a j or 
p umps , g a s  compre s sor s , and p i p i ng . Pur c h a s e  con tra c t s  o f  t h i s  
type prov i d e  fo r a canc e l l a t i o n  f e e , b ec ause the se i tems a re 
un ique l y  d e s igned for a l arge re f ine ry . I t  i s  pre f e rable  f o r  maj or 
p e rm i t s  to be obta i ned pr ior to i s s u i ng purcha s e  contrac t s  i n  o rd e r  
to min imi ze r i s k  o f  c a nc e l l a t ion cos t s . 
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TABLE 84 

Refineri es Planned on the East Coast , But Not 
Constructed Due to State or Local Opposition ( Prior to 1 9 78 ) 

Company 

Ashland Oil 

Belcher Oil 

C . H .  Sprague & Son 

Commerce Oil 

Crown Central 
Petrol eum 

Fuels Desulfuri­
zation 

Georgia Refining 

Gibbs Oil 

Granit e  State 

In-O-Ven 

JOC Oil 

Maine Cl ean Fuels 

Maine Clean Fuels 

Location 

Ft . Pierce,  FL 

Manatee County , FL 

Newington, NH 

Jamestown I sland , RI 
Narragansett Bay 

Baltimore , MD 

Riverhead , NY 

Brunswick , GA 

Sanford,  ME 

Rochester , NH 

New London,  CT 

Jersey City , NJ 

Searsport , ME 

South Portland , ME 

5 7 3  

Planned 
Capacity 

( MB/D ) 

2 5 0  

2 0 0  

5 0  

5 0  

2 0 0  

2 0 0  

2 0 0  

2 5 0  

4 0 0  

4 0 0  

5 0  

2 0 0  

2 0 0  

Final Action 
Blocking Project 

Corporate deci s ion 

Voted against in 
refer endum Septem­
ber 1 0 ,  1 9 7 4  

Voted down in  
community vote o n  
June 2 8 , 1 9  7 4 

Oppos ed by local 
organizations and con­
tested in court 

Local zoning 

State reacted by l egis­
lature passing bil l 
forbidding refineries 
in coastal area 

Blocked through 
actions of Office of 
state Environmental 
Director 

State action 

Corporate decision 

Abandoned due to 
oppos ition from state 
government and 
c itizen groups 

State action 

Maine environmental 
protection board 
r ej ected proposal 

City council  rej ected 
proposal 



Company 

Northea st 

Petroleum 

O lympi c Oil 

Refineries 

P epco 

S aber-Tex 

Shell Oil 

Steuart Pe troleum 

Supermarine 

TABLE 84 ( Continued ) 

Location 

Tiverton , RI 

Durham , NH 

Saybrook , CT 

Dracut , ME 

D el aware Bay , DE 

Piney Po int , MD 

Hoboken ,  NJ 

P lanned 

C apac i ty 

( MB/D ) 

6 5  

4 0 0  

4 0 0  

1 0 0 

1 5 0  

1 0 0  

1 0 0 

F inal Action 

B locking Pro j ect 

City coun c i l  r ej ected 

proposal 

Wi thdrawn after 

r e j e ct ion by local 

referendum 

Local zoning and state 

a ct ion 

Corporate dec i s ion 

State react ed by 

pas sing legi slat ion 

forbidding ref ineries 

i n  coastal area 

Re j ected by c ounty 

voters by re ferendum 

on July 2 3 ,  1 9 7 4  

With drawn unde r 

pr es sure from 

enviro nmental groups 

SOURCE : Department of Energy , Trends in Ref inery C apacity and 

Utilization , S eptember 1 9 7 8 ;  Ene rgy and Environmental Analysi s ,  I nc . , " Br i e fing 

for the American Pe tr oleum Institute , "  November 1 6 ,  1 9 7 8 .  

Howeve r ,  some c ompone n t s  requ i r e  more than a ye ar t o  pre fabr i ­
c ate , s o  the re wi l l  be a c r i t i c al po i n t  i n  the s c h e d u l e  t o  r e l ease  
purchase  o rd e r s  to mee t  a pl anned comple t ion d e ad l in e . Dur i ng the  
e ar l y  e ng i ne e r ing phase , a n  e l aborate sched u l e  is  pr epared to  man­
age the pro j ec t  d eve lopmen t .  The sche d ule  i d en t i f ie s  a l l  c r i t i c a l  
t ime s fo r ac h iev i ng compl e t ion o f  s teps , i nc l ud i ng i s s uance of p e r­
mi t s . Con s tr uc t ion o f  fac i l i t ie s  beyond s i te prepara t ion i s  no t 
a l lowed un t i l  the E IS i s  approved and ma j or perm i ts a r e  i s s ue d . 
An unplann ed d e l ay c an penal i ze the re t ur n  on i nv e s tme n t  severe ly . 
Th is r i sk i s  u s ua l ly avo i d ed i f  the company h a s  any chance o f  e x ­
pand i ng a n d  mod e rn i z i ng e x i s t i ng fac i l i t i e s  r a th e r  than d evelop i n g  
a new s i te . 
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A p l a n t  mod i f i ca t ion proj e ct can us ua l ly b e  pe rm i tted i n  one to 
two ye ar s , a s s um i ng the plant has al ready b e e n  oper a t ing und e r  
maj or pe rm i t s . Us ua l ly the r e  are some obso l e te ope r a t io n s  that  can 
be re t i red and o f ten the e n t i re pro j e c t  c an be d e s igned to prov id e 
an e nv i ronme ntal improvemen t . The " bubbl e concept " i s  a me thod o f  
analy z i ng a pro j e c t  p ropo s a l  a s  i f  the e n t i r e  p l a n t  w e r e  covered 
w i th a g l a s s  bubbl e . Em i s s ion r ed u c tions f r om c u r ta i l i ng o l d  oper­
a t ions can be u s ed to o f f s e t  emi s s ions f rom new e q u i pmen t .  In many 
c as e s  pro j e c t s  have been approved w i tho u t  the need for an E IS .  Th e 
r i sk o f  a permi t d e l ay i s  s ign i f i c a n t l y  l e s s  for a mod i f ic a t ion 
pro j e c t  than fo r a g ra s s roo ts f a c il i ty . 

Fac tors to be cons i d ered in the s i t i ng ana l y s i s  i nc l ud e : 

• Pi pe l ine tran s po r ta t i on av a i l ab i l i ty ( c rud e o i l and 
prod uct s )  

• Land tran s portat ion acce s s  ( h ighway and r a i l road ) 

• Wa ter tran s portat io n  ( do ck f ac i l i ty and d e p th o f  d ra f t )  

• Ut i l i ty ava i l ab i l i ty and co s t s  ( power and wa te r )  

• Fue l s upply ( coal , o i l , g a s ) 

• Land ava i l ab i l i ty and cost 

• Labor ava i l ab i l i ty and cos t ( co n s t r u c t ion and opera t in g ) 

• State and local t a x e s  

• Pe rmi t  requ i r emen t s  and approval t ime . 

Of the se fac to r s  to be cons idered , the one t h a t  i s  mo s t  d i f f i­
c u l t  to d e te rm i ne o r  e s t ima te accurate ly i s  p e rm i t t i n g . Th e r i sk 
o f  d e l ay i s  known to be s ig n i f icant and h a s  kept many p ropo s a l s  
f rom e v e r  be i ng d eve loped b eyond a prel imi nary s c re e n i ng o f  a l te r­
nat ives . Compa n i e s  have avo i d e d  the r i s k  o f  unc e r t a i nty a n d  d e l ay 
b y  e l e c t i ng to mod i fy a nd expand e x i s t i ng f a c i l i t i e s , r a the r than 
try to deve lop a new s i t e . Th i s  t re nd i s  read i l y  appa ren t  by corn­
par i ng t h e  leve l s  of i nve s tme n t  made for p l a n t  mod i f i c a t ions and 
expans ions to the lack o f  i nves tme n t  i n  large g r a s s roots f a c i l i t i e s  
s i nce 1 9 7 5 .  

C .  General i zed P e rm i t  C r i t ical  Path F l owc h a r t  

F ig u r e  1 0 4  i s  a c r i t i c al p a t h  f l owch art f o r  ob t a i n i ng t h e  ma j or 
permi ts for a new r e f i ne ry i n  an area c la s s i f i ed a s  a t ta i nmen t  for 
a i r  qual i ty s tand a rd s . The P S D  pe rmi t is a r eq u i reme nt o f  the 
C lean A i r  Act . The NP DE S and S e ct ion 4 0 4  ( d r e d ge a n d  f i l l ) pe rm i ts 
are req u i reme n t s  o f  the C l e an Wa ter Ac t . An e nv i ronme ntal impact 
a s s es smen t  is always r eq u i r ed , and a pro j e c t  of th i s  magn i tud e w i l l  
almos t always r eq u i re a fede ral lead ag e ncy t o  i s s ue a n  E I S . A 
m i n i mum o f  2 4  mon t h s  i s  e xpe cted for th i s  proc e d u re i n  t h e  mos t  
op t im i s t ic c i rcums tance s . 
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M O N IT O R  A I R  Q UALITY STATE PER M I T  
12 M O N THS 5-7 MONTHS 

P U B L I C  
_____ P_R_E_P_A_R_E_P_S_D __ P_E_R_M_IT ________ _.� _____ PS_D __ R_E_V_I E_W ______ ��-H_E_A_R_I N_G __ S� CONSTR UCT 

4-6 MONTHS 7- 1 0  MONTHS 2 M O N THS 

PREPARE EIA 
6 MONTHS 

N PDES PERMIT 
6 M O N THS 

DREDGE AN D F I LL PER M I T  
3-6 MONTHS 

A G EN CY 
R EV I EW 

2 MONTHS 

CONVERT TO E IS  
IF  N E CESSARY 

6 MONTHS 

F i g u re 1 04 .  Typical  Ref inery Com p lex Perm i t  Ti m i n g .  

D .  Envi ronme n t al As s e s sment 

Th e s i t i ng o f  a new r e f i ne ry r eq u i re s  an e nv i ronme ntal  a s s e s s­
men t , wh i ch w i l l  i n c l ud e  a n  analys i s  of the impa c t s  on a i r  q ua l i ty ,  
wa t e r  q ua l i ty ,  l a nd u se , t ransportat ion sys t em s , a nd o t h e r  aspe c t s  
o f  soc i e ty .  

1 .  A i r  Qual i ty I mpac t  

Al though n o  l a rg e  r e f i ne r i e s  h ave b e e n  b u i l t  i n  the U n i te d  
S t ates s i nce 1 9 7 5 ,  a f e w  propo s a l s  h ave b e e n  ad vanced t hr ou g h  t h e  
perm i t t i ng proc e s s . A s  an e x ample o f  s uch a p ro j e c t  i n  a n  a t ta i n­
me n t  area , EPA i s s ued a PSD p e rm i t  i n  Apr i l  1 9 8 1 t o  the V i rg i n  
I s lands Re f i n i ng Company fo r cons t r u ct ion o f  a 2 0 0  MB/D r e f i n e ry a t  
S t . Croi x , V . I .  The pe rm i t  was i s s ue d  a f t e r  the app l i c a nt d emon­
s tra ted that  the e m i s s ions from the new re f i ne ry wou l d  n o t  c au s e  
a i r  q ua l i ty s tand a rd s  t o  b e  e x c e eded . T h e  appl i c a n t  wa s ab l e  to 
d emons trate th i s  s a t i s fac tor i l y  by u s i ng mod e l i ng t e c h n i q u e s  a p­
proved b y  E PA ,  a f te r  acq u i r i ng 1 2  mo nths of me t eorolog i c a l  d a t a . 
The mod e l i ng pred i ct s  whe re th e wo rs t conc e n t ra t i on o f  pol l u t a n t s  
w i l l  occur . 

The pe rm i t t i ng of a new fac i l i ty i n  a nona t t a i nme n t  a r e a  
req u i r e s  o f f se t s  o f  emi s s ion r e d u ct ions from other s o u rc e s  i n  t h e  
s ame area . A n  e xamp l e  of s uch a propo s a l  i s  the Hampton Road s 
pro j e c t  i n  Portsmou t h , Vi rg i n i a . The area i s  c l a s s i f i ed a s  non­
a t ta i nme n t  for hyd roc a rb ons . A cons tru c t io n  pe rm i t wa s i s s ue d  
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after  an ac c ep t ab le o f f s e t  a rra ng eme n t  wa s pro v id e d . The S ta t e  o f  
V i rg i n i a ,  h ig h l y  suppo r t ive of the re f i ne ry propo s a l , prov i d e d  the 
hyd roca rbon o f f s e t s  by chang i ng the ma ter i a l s  used for pav i ng 
road s . The aspha l t i c  ma te r i al prev i o u s l y  u se d  cau sed t h e  evapora­
t ion of hydroca rb o ns i n  large quant i t i e s . The s ta te ag reed to u s e  
d i fferent  pav i ng ma te r i a l s  a nd appl ied t h e  em i s s i o n  r e d uc t io n  as a n  
o f f se t aga i n s t  the Hamp to n Roads propo sa l . 

2 .  Wa te r Qual i ty I mp a c t  

Sec t io n  4 0 2  o f  t h e  Clean Wa te r Ac t e s ta b l i shed a p e rm i t  p rog ram 
u nd e r  the NPDE S .  Th i s pe rm i t  prog ram h a s  b e e n  e f f e c t iv e  i n  con­
tro l l i ng the qua l i ty o f  wa s te wa te r  d i scharg e s  f rom pe t ro l e um 
ref i ne r ie s .  Th e g o a l s  o f  the Cl ean Wa te r Ac t h a v e  no t b e e n  me t ,  
and c annot b e  me t unt i l  mun ic ipal i t i e s  and no n -po i n t  s o u rc e s  o f  
pol lu t io n  are brough t  un d e r  the h i g h  s tand ard s o f  control al r e ad y  
achi eved b y  many i nd u s tr ie s ,  i nc l ud i ng pe tro l e um r e f in i n g . 

3 .  Land -Use I mpac t 

A mod e r n  large r e f i n e ry requ i r e s  a m i n imum l and area o f  8 0 0  
a cres . Ad d i t io nal are a  may b e  requi red f o r  spe c i a l  c ond i t io n s  o f  
pe tro l e um s torage o r  d i s t r i b u t io n , o r  i f  e n v i ronme n ta l  f ac to r s  
r eq u i r e  a b u f f e r  zone t o  b e  e s tab l i shed . Oth e r  l and-u se f a c to rs 
tha t may requ i re a s s e s smen t  cover a tempor a ry p e r iod o f  c on s tr u c ­
t io n  fo l lowe d by the more pe rmanen t  per iod o f  oper a t i o n s . Th e 
n umbe r  o f  peopl e employed d ur i ng con s tr u c t i o n  may peak i n  the r ange 
of 2 , 0 0 0 to 4 , 0 0 0 ,  c ompared to the permane n t  ope r a t i ng wo rk f o rc e  
o f  5 0 0 t o  8 0 0 .  The con s tr uc t ion per iod w i l l  l a s t  t wo o r  t h r e e  
years . If the s i te i s  wi th i n  5 0  m i l e s  o f  a l ar g e  pop ul a t i o n  
cente r , t h e  impac t s  o n  hous i ng , tra f f ic p a t t e rn s , u t i l i t ie s ,  s c hool 
e nrollme n ts , a nd commun i ty a c t iv i t i e s  wi l l  not b e  s i g n i f i c a n t . 
I f  the s i te i s  mor e  r emo te ly locate d , tempor a ry h ou s i ng may b e  
r eq u i red fo r construc t i o n  wo rke r s . Th e  soc i al a n d  c u l t u r a l  imp ac t s  
o f  a re f ine ry i n  a r ur a l  area w i l l  b e  s im i l ar t o  those for a 
s yn the t i c  f ue l s  proj e c t . 

I I I .  Synth e t i c  F u e l  P l a n t s  

A .  S i t i n g  

The l arg e quan t i t i e s  o f  c o a l  and o i l shal e r e q u i r e d  to s u s t a i n  
operat ion o f  pro j e c ted s yn f ue l  f ac i l i t ie s  wo u ld i nd i c a te that 
s i t ing o f  s uc h  fac i l i t i e s  may b e  d i c tated to a l a rg e  d e g ree by t h e  
loc a t ion o f  c o a l  a n d  o i l  s h a l e  d epos i t s .  Th i s  m i n imi z e s  t h e  c o s t s  
o f  tran spo rt i ng v a s t  qua n t i t i e s  o f  raw m a te r ia l  t o  a proc e s s i ng 
fac i l i ty .  Howeve r ,  o th e r  econom i c , eng i n e e r i n g , or env i ro nme n ta l  
con s id erat ions m ig h t  make remote s i t ing o f  the proc e s s i ng fac i l i­
t i e s  { pl an t  s i te d i s tant f rom m i ne s i t e ) an a t t r a c t i ve and f e a s i bl e 
a l ternative . 

In the we stern Un i ted S t a te s , c oal d e po s i t s i n  Co lorad o ,  
Mon tana , North Dako ta , and Wyomi ng o f f e r  g ood p ro s pe c t s  for s yn f u e l  
p l an t  s i te s .  Oi l sha l e  d e po s i t s i n  Ut ah and Co lorad o  prov i d e  
prom i se for s i t i ng o i l  shale  proce s s i ng p l an t s . I n  the e a s te r n  
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s e c t ion of the  Un i ted S t a te s ,  the s t a te s o f  I l l i no i s , Ke n t ucky , a nd 
We s t  Virg i n i a , for e x ampl e , con ta in ad equa t e  c o a l  d e po s i t s to 
s us ta in ope r a t i o n  o f  coal conv e r s ion pl an t s . Oi l s h a l e d epo s i t s  i n  
I l l i no i s ,  Ind i an a ,  Oh i o , Ken t u cky , Tenne s s e e , and We s t  Vi rg i n i a  
make s the se s ta te s  a t trac t iv e  a s  po te n t i a l  s i te s  f o r  o i l  s h a l e  
conve r s ion plant s . 

Important  s i t i ng f a c tors w i l l  i nc l ud e  the  a va i l ab i l i ty o f  
adequate wa ter supp l i e s  a n d  the amb i e n t  a i r  qua l i ty .  Syn fue l 
fac i l i t ie s  w i l l  c ompe te w i t h  e x i s t i ng wa ter u s e r s  and wi th n e w  
u s e r s  fo r av a i l ab l e  wa te r s uppl ies . Syn f ue l f a c i l i ty u s e  i n c l u d e s  
wa ter f o r  cool ing , s te am genera t ion , wa s te d i s po sa l , e n v i ronme n t a l  
control , a nd prod u c t ion o f  hyd rog e n . S im i l ar l y , s yn f ue l f a c i l i t i e s  
w i l l  a l so compe te w i t h  o th e r  f ac i l i t ie s  for u s e  o f  ava i l ab l e  s u l f u r  
d iox i d e  and to t a l  s uspe nd ed par t i cu l a te i n cr eme n t s . A p a r t i c u l a r  
probl em may e x i s t  i n  a r e a s  where coa l - f ired e l e c tr i c  power p l an t s  
a re s i ted . 

B .  Proj e c t  Lead T i me and P l ann i ng 

A DOE r epo r t  i nd i c a te d  tha t ,  b ased upo n  an a n a l ys i s  o f  f e d e r a l  
a n d  s ta te pe rm i t r eq u i r emen t s  f o r  maj or power p l a nt s , a p e rm i t t i ng 
p e r iod of two to three ye ar s wo u l d  be expe c te d . l 7  Th e Na t i onal 
Pe t role um Counc i l  be l i e ve s that a two to four ye a r  p e r i od i s  mor e 
r eal i s t i c . Th i s  pe rm i tt i ng per iod f o l l ow s  the c ompl e t ion o f  
pr e-pe rmi t e nv i ro nme n t a l  d a ta c o l l e c t ion a n d  mon i to r i ng . 

Pr e-p e rm i t  e n v i ro nme n t a l  d a t a  c o l l e c t ion and mon i to r i ng m i g ht 
r equ i re , a s  a m i n im um ,  a pe r iod of one to two ye ar s . The r e fo r e , a 
to t a l  t ime o f  t h r e e  to s i x  ye ar s may b e  requ i re d  f rom the  s ta r t  o f  
e nv i ronm e n ta l  d a t a  col l e c t ion and mon i to r ing to the r e c e ipt o f  the 
l a s t  pe rmi t or e n v i ro nme n t a l  approva l .  

The i s s uance o f  a PS D pe rm i t  und e r  the  C l e a n  A i r Ac t wo u ld 
r equ i re a m i n imum of one c a l e nd a r  ye ar f o r  a m a j or s yn fue l 
fac i l i ty .  For f i r s t  g e n e r a t ion pl an t s , PS D may no t pose a l arge 
p roblem . Howe v e r , a s  PS D i nc rements are u s ed t h e r e  may n o t  be 
ad equate i nc r emen t s  r ema i n i ng to a l l ow approval of l a te r  p l a n t s . 
N PDE S p e rm i ts cou l d  be i s s ue d  i n  abou t one ye ar . 

Th e s e  pe rm i t t i ng t im e  e s t ima te s d o  no t r e f l e c t  any c o n s i d era­
t ion o f  d e l ay s  e ncoun tered by th i rd party l i t ig a t io n . 

l .  A i r  a nd Wat e r  Permi t s  

Syn f ue l  proce s s e s  a r e  d eveloping techno log i e s , compr i s i n g  
e x i s t ing a s  we l l a s  n e w  i nd u s t ry ope ra t io n s . Some que s t io n s  
re s ul t ing f rom the  n e w  a s pe c t s  r ema i n  unan s we re d  w i t h  r e s pe c t  to 
a ir ,  wa te r , a nd s o l id wa ste em i s s ions . La ck o f  a c t ua l  ope r a t i ng 
d a ta from c omme rc i a l i zed f ac i l i t ie s  h ampers  t h e  d eve l o pmen t  o f  
real i s t i c  po l l u t io n  control g u id e l i n e s  for mo s t  syn fue l t e ch no l o­
g ie s . Th i s  l a c k  o f  g u id e l i n e s  has 'fo rc ed the reg u l a tory a g e nc ie s  
to i s s ue p e rm i ts f o r  p i l ot and pre- comme rc i a l  s c a l e  ope ra t io n s  on a 
c a s e -by-ca s e  b a s i s .  Neg o t i a t ion of these  s i t e -spec i f i c requ i r e­
ments  ha s been and cou l d  con t i nue to b e  a source  o f  con f l i c t  
re s u l t i ng i n  d e l ay i n  the pe rm i t t in g  proce s s . 
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The u s e  of BACT to control a i r  emi s s ions i s  req u i red f o r  P S D  
permi t s . F o r  those fac i l i t i e s  w i s h i ng t o  l o c a t e  i n  a nona t t a i nme n t  
a re a , u s e  of LAE R  techno logy i s  req u i red . Wh a t  LAE R  i s ,  h o w  i t  i s  
to b e  d e t e rmi ned , a nd upon what i t  i s  to b e  b a s ed a re o n l y  a few o f  
the q ue s t ions t h a t  mu s t  b e  answe red . D i s ag r e eme n t  on t h e s e  i s s u e s  
seems i ne v i t ab le .  Re sol v i ng these d i s ag re eme n t s  w i l l  b e  t ime 
cons u m i ng . The C l e a n  A i r  Ac t ' s  v i s ib i l i ty r eq u i reme nt s , ma ny o f  
wh i ch a r e  s t i l l  unde f i n ed , may become the l im i t i ng fac tor i n  s i t i ng 
fac i l i t ie s  i n  the g e ne ral prox imi ty o f  C l a s s  I a re a s . 

S im i l a r l y , for the was t ewa ter d i sch a rg e  q ue s t ions , e f f l u e n t  
g u i d e l i n e s  a n d  s tandards  have yet to b e  d e ve l oped . C ompa n i e s  
app ly i ng f o r  w a s tewa t e r  d i sch arge pe rm i t s a r e  f a c ed w i th neg o t i a t­
i ng accep t ab l e  pe rm i t  l i m i t a t ions w i th the age n c i e s  on a c a s e -b y­
c a s e  b as i s .  The opportun i ty for de lay c a n  a l s o  o c c ur w h e n  th e 
proposed wa s tewa ter d i scha rge perm i t  i s  i s s ue d  for p ub l i c r e v i ew . 
Pub l i c  h e a r i ng s  are l ik e l y  to b e  h e l d , prov i d i ng t h e  oppo r t u n i ty 
for th i rd pa rty i nt e rve nt ion . 

2 .  Oth e r  P e rm i t s 

The pe rm i t  i s s uance proce s s  for mos t  oth e r  pe rm i t s h a s  s im i l a r  
pub l i c  rev i ew pe r iods . With  con trove rs i a l  p r oj e c t s , i t  i s  a n t i c i ­
pa ted that these  r e v i ews w i l l  b e  rath e r  l e ng thy . De c i s i o n s  on th e 
part of the reg u l a tors i n  the face of s uch p ub l i c  i n te re s t w i l l  not 
be made q u i ck l y . 

c .  E nv i ronme n t a l  As s e s smen t  

Th e 1 9 8 0  DOE s tud y , Synthe t i c  Fue l s  a nd the E n v i ronmen t ,  
analyzed t h e  reg u l a tory a nd e nv i ronme n t a l  i mp a c t s  t h a t  may a f fe ct a 
syn f ue l s  d e v e l opme n t  prog ram . Appe nd i x  D o f  th i s  r e port c omme n t s  
o n  tha t  s tudy . Amo ng t h e  top i c s  cons ide red i n  t h e  r epo r t  w e r e  
e nv i ronme n t a l  impa ct a n a l y s e s  for pote n t i a l  o i l  s h a l e  and coa l 
resource locale s .  T h e s e  a nalyses  we re pe rformed on a reg i on a l  
bas i s . I s s ues ad d r e s s ed i n c l uded a i r  q ua l i ty ,  wa t e r  ava i l ab i l i ty ,  
wa t e r  q ua l i ty ,  commun i ty d e v e l opme n t ,  f i s h  and w i l d l i fe ,  veg e t a t i on 
d i s rupt ion , a nd fede r a l  lands  mu l t i pl e - u s e  p l a nn i ng . Oth e r  i s s ue s  
ad d r e s sed i n c lude l ong- r a ng e  a i r q ua l i ty impac t s , g l ob a l  c a rb o n  
d iox i de conc e n t ra t i o n s , wa s t e  d i spos a l  r eq u i reme n t s , a n d  prod uct/ 
proc e s s  s a fe ty impac t s . 

I t  i s  impos s ib le i n  a report of th i s  nature to f u l l y  a s se s s  
the e co log i c a l  impac t  o f  syn f ue l  d e ve l opmen t  i n  t h e  U n i ted S ta te s . 
Spe c i f ic impa c t s  wou ld b e  eva l ua ted on a s i t e- s pe c i f i c b a s i s ,  
pres umab ly i n  the E I S . 

The s i ng l e  g r e a t e s t  source of impac t  on the e co l og y  w i l l  b e  
that as soc i a ted w i th the s ur f ac e  m i n i ng a c t iv i t ie s . The  remova l of 
s u r face vege ta t ion , the s tr ipp i ng of top so i l , and  pos s ib ly the 
relocat ion of s tr e am s  to al low m i n i ng , d e s troy w i l d l i fe h ab i ta t s  
a nd cou l d  pos s ib ly d e s troy h i s to r i c a l  a nd a r c h aeolog i c a l  a r t i f a c t s  
o n  t h e  s i t e  unl e s s  s pe c i a l c a re i s  tak e n  t o  pr e s e rve them . Los s  o f  
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w i lde rne s s  a r e a , pr ime f armland s , g raz i ng l a nd s , a nd h ab i ta t  f o r  
end angered s pe c i e s  are  o t h e r  e xpre s s ed conc e rn s . 

The DOE r e por t e va l ua ted the four re source are a s  i n  t e rms of 
e colog i c a l  s e n s i t iv i ty .  Fa c tors a s se s sed we r e  ecosys t em q ua l i ty ,  
d i s t urbance s u sc e p t i b i l i ty ,  and rehab i l i ta t ion po t en t ia l . Th e 
fol l ow i ng s e c t io n s  s umma r i z e the f i nd ing s  c o n ta i n ed i n  the r e po rt . 

1 .  No r t h e r n  P l a i n s  Re s ou rce Area 

Mo s t  of the No rthern Pl a in s  Re so urce Ar e a  ranked h ig h  in l and 
d i s t urbance po te n t i a l  because  l i t t l e  of the  a r e a  a t  pre s e n t  ha s 
been d i s t ur bed . Ge ne ral ly , ag r i c u l t ur al e colog i ca l  s ys tem impa c t s  
we re l ow , e x c e p t  i n  c e r ta i n  coun t i e s  i n  Nor t h  Da ko t a  a n d  Mon tan a . 
Na tur al ecolog i cal  sys tem impac ts we re rated h i g h  b e c a u s e  o f  woody 
d r aws for w i ld l i fe h ab i ta t , h ab i ta t  for endangered spec i e s , and 
cer ta i n  s tr e am s . Re hab i l i ta t ion po te n t i a l  v a r i e d  throug ho u t  the 
re source area . 

2 .  Four Corne r s /Rocky Moun ta in Re source  A r e a  

The F o u r  Corne r s /Ro cky Moun ta i n  Re sourc e  Are a  i s  c harac t e r i ze d  
a s  hav i ng a h ig h  ecolog i c a l  sen s i t iv i ty r an k i ng . Sim i l ar ly , mos t 
are a s  were r a nked h ig h  for d i s t urbance po ten t i a l  b a s ed on pop ul a­
t ion . Mo s t  r eg ions of t h i s  r e source a r e a  we r e  r anked a s  hav ing a 
fa i r l y  h igh impac t  on rehab i l i ta t ion po ten t ia l  w i th t h e  e x c e pt ion 
o f  we s te r n  Co lorad o , wh i ch wa s cons id ered to have av e r ag e 
po ten t i a l . 

3 .  M i d e a s t  Re source Area 

In the M i d e a s t  Re source Are a , natural  e colog i c a l  s e ns i t i v i ty 
was r a nked l ow ;  t h e  rank i ng s  were dom i nated b y  ag r i c u l t ur a l  c rop­
land cons i d e ra t i o n s . The land d i s turb ance fac to r was r a t e d  h ig h  
b e cause  of t h e  h ig h  pop u l a t ion dens i ty .  Re hab i l i ta t i o n  po t e n t i al 
was r a nked h ig h  b e c a u s e  of the r equ i reme n t  to r e t urn the  m i ned 
s i te s  to pr ime f a rml a nd . 

4 .  App a l a c h i an Re source Area 

The Appa l ach i an Re so urce Ar e a  i s  r anked as hav i ng the l owe s t  
e colog i c a l  s en s i t iv i ty o f  a l l  t h e  are a s  s t ud ie d . Nat ur a l  e c o l og i ­
c a l  sys tem s  we r e  r anke d f a i r ly h ig h  because o f  the  p r e s e n c e  o f  
e nd angered s pec i e s , mounta i nous terra i n , a nd s ig n i f i c a n t  wa terways . 
H ig h  l ev e l s  o f  h i s to r i c a l  l and d amag e re s u l ted in  a l ow r an k i ng for 
l and d i s t urbance po ten t i a l . 
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CHAPTER E IGHT 

OTHER I S SUES OF THE 1 9 8 0 ' S  

Envi ronme n t a l  i s s ue s  that the Na t iona l Pe trole um Co unc i l  ( N PC ) 
b e l ieves may b e  s ig n i f i c an t  i n  the 1 9 8 0 ' s  are b r i e f l y  me n t i oned i n  
the Execut ive Summa ry . There are several  o t h e r  i s s ue s  who s e  c a u se s 
are not c l e arly d e f i n ed and tha t are a f f e c ted by many f a c to r s  and 
i nd u s tr i e s , of  wh i c h  the pe t role um i nd u s t ry i s  only one . Of co n­
cern are : the ecolog i c a l  and pub l i c  he a l th e f f e c t s  o f , a nd the 
con trol s trateg ie s for , ac id r a i n ;  C 02 " g re enho u s e "  e f f ec t ;  
g roundwa te r  con tam i n a t i on ; a nd indoor a i r  po l l u t i o n . Ground wa ter 
con tam i na t ion is  d i s c u s sed br ie f ly in  Chap te r Fou r . The rema i n i n g  
i s s ue s  and the s e t t i ng o f  Na t ional Amb i e n t  A i r  Qu a l i ty S t a n d a rd s  
( NAAQS ) are d i s c u s s e d  b e l ow . 

AC I D  RA I N  

The phe nomenon of " ac id ra i n "  h a s  l a t e l y  d rawn i n c re a s i ng a t­
ten t ion because  of c l a ims that i t  i s  c a u s i ng env i ronme n t a l  d amag e 
i n  the Un i ted S t a t e s  and Canad a . Th e s e  c l a im s  have been c r i t i c i ze d  
b y  some a s  unprove n . Wh i l e there are i nd i c a t ions  t h a t  t h e re h av e  
always been oc currenc e s  of n a tural  ac id ra i n , there  a r e  a l so i nd i­
c a t ions tha t ma n-mad e pol l u tants f rom the com b u s t i o n  of fos s i l  
fue l s  con tr ibu te to the ac id i ty o f  r a i n f a l l .  Th e s e  bas i c  d i sag ree­
men t s  h ig h l ight the uncerta i n t i e s  that po l i cyma k e r s  con f ro n t  a s  
they d e c id e  wh a t  cour se o f  ac t i on should  b e  fol lowe d to d e a l  w i th 
the ac id r a i n  i s s ue . l Cong re s s  recogn i zed the s e  u n c e r ta i n t i e s  
whe n i t  enac ted Ti t l e  VI I o f  the 1 9 8 0  Energy S e c u r i ty Ac t ,  wh i c h  
au thor i ze s  $ 5 0  m i l l ion t o  b e  spe n t  over t h e  n e x t  1 0  ye a r s  to obta i n  
i n forma t ion o n  t h e  cause s ,  e x te n t , and e f f e c t s  o f  ac id r a i n . 2 

I .  De f i n i t ion of Ac i d  Ra i n  

Ac id r a i n  i s  the common term f o r  t h e  mo re g e ne r a l  phe nomenon 
of ac id d e pos i t ion . Ac id d e po s i t ion i nc l ud e s  ac i d i c  snow , s l e e t , 
fog , a nd part i c u l a te ma tter a s  we l l  a s  a c id r a i n . Pur e  wa te r s a t u­
rated wi th ca rbon d io x id e  ( C 02 ) y i e l d s  a p H  o f  5 . 6 ,  b u t  both 
na tural proce s s e s  and ma n ' s  a c t iv i t i e s  can c hang e i t .  Ac id r a i n  
commonly re fers  to even l owe r p H  va l ue s .  The ac id con t e n t  o f  r a i n  
i s  general ly abou t 6 0  percent  s u l fur i c  ac id , 3 0  p e r c e n t  n i tr i c 
ac id , and 1 0  pe rcent h yd roch lor i c  ac i d . The r e  may be sma l l  conce n­
trat ions of org an i c  a c i d s  presen t .  The s e  propo r t i o n s  v ary w i t h  
reg ion a n d  t ime . 

I I .  I nf l ue nces on the Ac i d i ty of Ra i n  

The ac id i ty o f  r a i n f a l l  i s  i n f l ue nced by the amo u n t  and k ind 
o f  g a s e s  d i ssolved in i t . The se inc l ud e  s ul f ur d io x id e  ( S 02 ) ,  
n i troge n  ox id e s  ( N Ox ) ,  h yd rogen chlor id e , and ammon i a . Par t i c­
u l a te ma tte r  may a l so i nf l ue nce ra i n f a l l  a c id i ty a s  we l l  a s  h e avy 
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me t a l s , wh i ch c a n  c a t a l y z e  the forma t ion o f  s tr on g e r  a c i d s  i n  ra i n . 
Al l h ave n a t u r a l  a nd ma n-mad e o r ig i ns . 

The r e - i s  i ncreas i ng e v i d e nce tha t S02 a nd N Ox em i s s ions  
t h a t  come pr ima r i ly from the b urn i ng of fos s i l  f ue l s  cause  a c i d  
r a i n . One repor t h a s  s ug g e s ted t h a t  l o c a l  o i l- f i red s o u r c e s  ( u t i l ­
i ty ,  re s id e n t i al , a nd comme r c i al b o i lers ) m a y  con t r i b u t e  to pre­
c ip i t a t ion a c id i ty b e ca u se b ur n i ng o i l  prod u c e s  s u l f a t e s  d i re c t l y  
i n  t h e  b o i le r , a nd prod uce s  c a t a l yt i c  mat e r i a l s  t h a t  c a t a l y z e  the  
t r a ns forma t ion o f  S 02 i nto s ul f a te s  i n  the a tmo s ph e re . 3 O i l -
f i red sou r c e s  a l so g e n e r a t e  N Ox · To d e t e rm i n e  whe th e r  t h e s e  b e­
l i e f s  are va l i d , i t  i s  nec e s s a ry to know t h e  re l a t ions h ip b e tw e e n  
so2 a nd NOx em i s s ions and the  p H  of r a i n . Howeve r ,  t h i s  emi s­
s io ns /pH r e l a t ions h ip i s  v e ry c ompl e x  a nd cons i s t s  of a t  l e a s t  s ix 
component s : 

• Amount of s o2 a nd NOx emi s s ions 

• Me cha n i sm ( e s pe c i a l l y  conve rs i on r a te s ) by wh i ch S 02 a nd 
NOx em i s s ions a re conve rted i nto s u l f a t e s  a nd n i t r a t e s  

• Atmo s ph e r i c  t r a ns po r t  of po l lu ta n t s , i nc l ud i ng me teoro log i ­
c a l  f a c to r s  

• E f f i c i ency w i th wh i ch c l ouds i nc o rpora t e  po l l u ta n t s  

• Wha t  h appe ns wi th i n  t h e  c l ouds t h a t  a f fe c t s  t h e  a c i d i ty o f  
r a i n  

• C h ange s  i n  t h e  r a i nd rop s a s  they f a l l through the  a tmo­
sphere . 4 

E x cept for the amount of emi s s ions , wh i ch i s  f a i r l y  we l l  known 
for anthropog e n i c  source s , knowledge ab ou t the r ema i n i ng f ive com­
ponents  i s  l im i t ed . s Th i s  lack of know l ed g e  proh ib i t s  pred i c t ion 
of wh a t  e f fe ct a g i ve n  l eve l of S02 a nd NOx em i s s ions ( or emi s­
s ions red u ct ion ) w i l l  h a ve on th e ac id i ty of r a i n . 

I I I . E f fe c t s  o f  A c i d  Ra i n  

The r e  i s  n o  conse n s u s  among rese a r che rs ab out the  type s  a nd 
mag n i tude of the pot e n t i al ad ve rse impa c t s  o f  ac i d  ra i n .  Howeve r ,  
ac id ra i n  can a f fe ct aq ua t i c and terres t r i a l  e c o s y s t em s , so i l s ,  
ma t e r i al s , a nd s tr u c t u r e s , a nd even ma n ( i nd i r e c t l y ) .  Mos t o f  the 
data ava i lab le on impa c t s  of ac id i c  pre c i p i ta t i o n  a r e  d e r i ve d  from 
s tud i e s  of t he e f fe c t s  o f  i ncreased a c id i ty o n  aqua t i c o rg a n­
i sms . 6 

The a c i d i f i ca t ion o f  S cand i navian l akes h a s  b e e n  a t t r ib u ted to 
a c i d  ra i n . Lak e s  w i t h  d e p l e ted f i sh pop u l a t ions and d i s tu rb e d  
b iota have b e e n  d i s cove red i n  t h e  north e a s t e r n  Un i te d  S ta t e s  a nd 
e a s tern C a nad a . I t  i s  wide l y  a s s umed t h a t  the  cond i t io n  re s u l t s  
f rom a c id r a i n , b u t  th i s  conc l u s ion h a s  n o t  b e e n  prov e n . For in­
s tance , loc a l  runo f f  f rom bogs , pol l u ted s tre ams , and  m i ne d ra i n ag e 
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c an be ac id i c ,  a nd s ur round i ng bed rock and so i l s  have d i f f e r e n t  ca­
pab i l i t i e s  to n e u t ra l i ze ac id d epos i t io n . ? 

Some observed e f f e c t s  o f  ac id i f ied  l a ke s  i nc l ud e  uptake o f  
h eavy me ta l s  b y  aqua t i c  b iota , l o s s  o f  yo ung f i s h  and o th e r  aqua t i c  
an ima l s , and e l imi n a t ion o f  a l g ae and other aqua t i c  p l a n t s . 8 
Howeve r ,  t he ac id i ty o f  f r e shwa ter l ake s r e f l e c t s  n o t  o n l y  t he 
ac id i ty of prec i p i ta t ion , b u t  a l so the ac i d i ty o f  l oc a l  i n p u t s  
( bog s ,  po l l u ted s t r e am s , m i ne d r a in ag e , a nd runo f f  ove r  wa tershed 
area s )  and the c apac i ty o f  the bed roc k  and  s o i l s  of  i ts wa t e r shed 
to  neu t r a l i z e  ac id d e po s i t i o n . 9 

Th e e f fe c t s o f  a c id r a i n  on veg e t a t ion o b s e rved i n  contro l l ed 
s t ud i e s  h a ve b e e n  both d e tr imen tal  and b e ne f ic i a l . On one h an d , 
i nj ury to l e ave s and the induc t i o n  o f  l e s io n s  i n  c rops and t r e e s  
have b e e n  no te d ; wh i l e  on t h e  bene f i t  s id e , s t imul a t ion a nd 
e nhanced g rowth o f  c rops and tr ee s h ave been obs erved . In add i ­
t ion , bo th i nh i b i t ion a n d  i ncrea sed i nc i d e n c e  o f  d i se a s e s  i n  c e r ­
t a i n  c rops have b e e n  noted . 1 0  

Th e po ten t i a l  impa c t s  o f  ac id r a i n on veg e ta t io n  and so i l s  have 
been s t ud i ed i n  l abora tory e xper ime n t s  us ing s im u l a t i o n s  of  e xpo­
s ure to ac id r a i n . Freque n tl y , t he s im u l ated ra i n  has been mo re 
ac id i c  than n a t u r a l  ra i n . Accord ing to one re por t , there has b e e n  
n o  v i s i b l e  o r  d e te c ta b l e  d amag e to te rr e s t r i a l  e cos ys tems ou t s i d e  
the l abora to ry . l l  

Labor a to ry s t ud i e s  h ave shown a l so tha t l e a c h i ng o f  some so i l  
nutr i e n t s  i s  acce l e r a ted by i nc re a se d  ac id i ty .  Othe r s c i e n t i s t s  
have shown that so i l  f er t i l i t y  may b e  i nc r e a s e d  b y  t h e  d e po s i t io n  
o f  n i trate s and s u l f a te s ( typ i c a l  compo ne n t s  o f  f e r t i l i ze r ) i n  ac i d  
r a i n . 

Ac id 
p a i n t s , 
nome non 

d e po s i t ion i s  known to cor rod e me ta l s , b u i ld i n g  ma t e r i a l s , 
and othe r s u r f ac e  coa t i ng s . Th i s  i s  l i ke l y  a comp l ex phe­
enhanc ed by o th e r  pol l u t ion proc e s se s . l 2  

Few s t ud i e s  h ave b e e n  re por ted o n  the d i rec t h e a l t h  r i sk s  f rom 
e xpo s ur e  to ac id pr ec i p i ta t ion . There are c l a im s  tha t ,  po te n t i a l ­
ly , the i nc r e a s ed pre s e nce and i nge s t ion o f  h e avy me t a l s  i n  ac id i ­
f ied d r i nk i ng wa t e r  could represent  a he a l th r i sk . l 3  Howe v e r , 
repor ted concen tra t io n s  o f  h e avy me ta l s  i n  wa t e r s  ana ly zed h a v e  
b e e n  ord e r s  of mag n i tud e be l ow pub l i c heal th d r ink i ng wa t e r  s tan­
d ard s . l 4  

Th u s , wh i l e  l abora to ry s t ud i e s  h ave shown t h a t  po ten t i a l  prob­
l ems may e x i s t , the s e  s t ud i e s g eneral l y  have no t b e e n  con f i rmed by 
f i e ld obse rva t ion s . I t  i s  d i f f i c u l t  to a s se s s  the e f f e c t  o f  a c i d  
prec ip i t a t ion on many e co s ys tems ag a in s t  a backg round o f  d i f fe r­
ence s c a u sed by ann u a l  c l ima t i c var i a t ion . Add i t io n a l  re s e arch to 
d e te rm i n e  the true s t a te o f  e f fe c t s is  needed . 

The need for f ur t h e r  r e s e a rch was a l so not ed b y  the  Commi t t e e  
o n  t h e  Atmosphere a nd B i osph e re of t h e  N a t ional  Re s e ar c h  Counc i l  
( NRC ) . l 5  Th e NRC pub l i s hed the re s u l t s  o f  i t s  l i t e ra t ur e  rev i ew 
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i n  O c tob e r  1 9 8 1 , poi n t i ng out t h a t  s c i e n t i f i c e v i d en c e  on a c id d e ­
po s i t ion i s  " i ncompl e te i n  many r e s pe c t s . '' Howeve r ,  i t  " re nd e rs a 
rathe r u n f a vorab l e  p i c t ure of the con s eq ue n c e s  o f  c u r r e n t  fos s i l  
f ue l  b ur n i ng prac t ic e s . "  I t  s ays t h a t  " th e  p i c t u re i s  d i s tu rb i ng 
e nough to me r i t  prompt t i gh te n i ng of r e s t r i c t ions on a tmosph e r ic 
em i s s ions from fos s i l  f ue l s  . . . .  '' I t  fur t he r con c l u d e s  t h a t  " a tmos ­
phe r i c  pol l u t ion and i t s  cons equenc e s  d e s e rve ma j or cons i d e ra t ion 
whe n  the sources and s i te s  of e n e rg y  prod u c t ion a r e  d e c i d e d . How­
eve r ,  mu ch rema i ns to b e  done i f  we are to a d eq u a t e l y  reas s e s s  the  
e colog i c a l  s ig n i f i c a nc e  of a tmos phe r i c  po l l u t an t s  g e ne rated by d i f­
fe re n t  e n e rg y  sys t ems . "  The t e x t  o f  the report i s  a t horoug h 
analys i s  of the e f fe c t s  o f  ac id i ty on aq ua t i c and t e r r e s t r i al e co­
sys tems ; howeve r , the  s tu d y  i s  no t d e f i n i t i ve b e c au s e  c r i t i c al 
q ue s t ions s uch as a tmos ph e r i c  t ransport and t rans forma t io n  are  not  
e xp l a i ned i n  d e t a i l . 

IV . Trend s i n  Ra i n f a l l  Ac i d i ty 

There appe a rs to b e  no c le a r  evidence t h a t  r a i n f a l l  ac i d i ty i s  
i nc re a s i ng . Mos t  o f  the c l a ims o f  i ncreas i ng r a i n f a l l ac id i ty a re 
b a sed on maps pub l i sh e d  b y  Cogb i l l  a nd L ike n s . l 6  Th e s e maps s how 
pH contour s , wh i c h  a re b a s ed on c a l c u l a t ed pH v a l ue s . Th e repo r t ed 
trend towa rd i n c r e a s i ng a c i d i ty i s  con trove rs i a l , howeve r , b e c a u se 
r a i n f a l l d a t a  we r e  a cq u i red a t  d i f fe re n t  sampl i ng s t a t ions , 
ope r a t ed ove r d i f fe re n t  t i me pe r iod s , and w i t h  d i f fe r e n t  s ampl i ng 
me thod s . Re ana l ys i s  o f  the Cogb i l l-L ikens d a ta b y  e x am i n i ng t r e nd s  
a t  t h e  s ame s t a t ions h ave s hown there i s  n o  d i sc e r n ib l e  trend i n  
r a i nf a l l ac i d i ty . l 7  

Othe r s tud i e s  re ach s im i l a r  conc l u s ions . For e xampl e , con­
t i nuous me a s ureme n t s  t aken ove r a 1 0 - ye a r  pe r iod a t  a s t a t i o n  i n  
H ub b a rd Brook , New Hampsh i re , reve a l ed no s ta t i s t i c a l l y  s i g n i f i c a n t  
trend i n  ra i n fal l a c id i ty . l 8  T h e  u . s .  Geolog i c a l  S urvey ' s  1 3-
ye a r  mo n i to r i ng prog r am i n  New York S t ate a l so f a i l e d  to s how a 
s i gn i f i ca n t  tre nd i n  r a i n f a l l  a c id i t y . l 9  

v .  Ac i d  Ra i n  Con t ro l s  

I t  may we l l  b e  t h a t  source corre c t ion i s  the  mos t cos t l y , a nd 
pos s ib ly the le a s t  e f fect ive , mi t ig a t ion s tr a teg y .  The  impos i t ion 
of more s t r i ngent emi s s ion l im i t a t ions on large s ta t i onary sources 
tha t em i t  S02 a nd NOx h a s  been ad vo ca ted . Al t hou g h  nume rou s 
sourc e s  em i t  the s e  po l l utan ts , the propon e n t s  o f  con trols h ave , 
thus far , focused t he i r  conce rns on S02 em i s s i o ns f r om c oa l - f i red 
pow e r  p l a n t s . 

The pr e se n t  C l e a n  A i r  Act con ta i ns no s t a tu tory prov i s ions 
e xpre s s l y  d e a l i ng w i th a c id r a i n . The E n v i ronme n t a l  P rot e c t ion 
Agency ( EPA ) r e ce n tl y  cond u c t ed a n  a n a l ys i s  of the  A c t  and con­
c l uded t h a t  any f u r t h e r  em i s s ion con t ro l s  on l a rg e  sou rc e s  of s o2 
a nd NOx we re e i th e r  impr ac t i c a l  or l e g a l l y  un suppo r ta b l e . He n c e , 
the c urren t re a u thor i za t ion of the C l e a n  A i r  Ac t i s  l i ke ly to s e rv e  
a s  a fo rum f o r  d i s c u s s ion o f  ac id r a i n . 
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In spi te o f  a l ack o f  e xpl ic i t  a u t ho r i ty f o r  E PA t o  ad d re s s  
ac id r a i n , th e Cl e a n  A i r  Ac t and E PA and s ta te re g u l a t ions pre s ­
e n tl y impo se s ig n i f i ca n t  and cos t l y  em i s s io n  l im i ta t io n s  o n  coal­
and o i l-f ired bo i l e r s , e s pec i a l ly powe r p l a nt s . Spec i f i c a l ly ,  
the se em i ss ion l im i ta t ions  i n c l u d e  Ne w So u r c e  Pe r f o rmance S t and ard s 
( NS PS ) , Be s t  Ava i l ab l e  Con t ro l  Te chnology , Lowe s t  Ach i e vabl e Emi s­
s ion Ra te , Re asonab ly Av a i l ab l e  Con trol Te chno l og y , and Be s t  Av a i l ­
able Re t ro f i t Te chno logy . Othe r Clean  Ai r Ac t r eq u i remen t s  tha t 
serve to l im i t  S02 a nd NOx em i s s ions i n c l ud e  NAAQS , Pr ev e n t io n  
o f  S ign i f i c an t  De te r iora t io n  ( PS D )  i ncreme n t s  ( fo r  a t ta i nmen t 
are a s ) ,  s ta ck h e ig h t  c red i t  ( l im i t i ng the use  o f  t a l l  s tacks ) ,  and 
" re a sonable f ur ther prog re s s "  requ i remen t ( ne t  d e c l i n e  i n  e m i s s ion s 
i n  nona tta i nme n t  a r e a s ) .  

Na t i o na l ly , S02 e m i s s i ons are pred i c te d  to d e c l i n e  f rom 1 9 . 4 
m i l l ion tons i n  1 9 7 9  t o  1 8 . 9  m i l l ion tons i n  1 9 9 0 ,  a nd t o  1 8 . 5 
m i l l io n  tons i n  2 0 1 0 . 2 0  Be cause ce r ta i n  key a s s ump t io n s  und e r ­
l y i ng the se pred i c t ions  a r e  very conserva t iv e  ( e . g . , n a t u r a l  ga s 
wi l l  no long e r  b e  ava i l ab l e  by the ye ar 2 0 0 0 ) ,  S 02 em i s s io n s  may 
d e c l ine even more . 

Na t ional N Ox emi s s ions i n  1 9 7 7  were a t t r i b u ted to transpo r t a­
t ion ( 4 3 p e r c e n t  o f  to ta l NOx emi ss ions ) ,  u t i l i ty f ue l  combu s t io n  
( 3 5  percen t ) ,  i nd u s tr i a l  f ue l  c ombu s t io n  ( 1 2  p e r c en t ) , and o t he r  
source s ( 1 0 perce n t ) . 2 1  Cur r e n t  De pa r tme n t  o f  Energ y p ro j e c t io n s  
ind ica te tha t NOx emi s s ions f rom u t i l i t i e s  a n d  i nd u s t r i a l  sou rce s 
may r i se be twe e n  1 9 8 0  and the ye ar 2 0 0 0 . 2 2 

VI . Impa cts  of  Control S t ra teg i e s  

The po te n t i a l  ac id ra i n  control s t rateg i e s  t h a t E PA e xam ined 
re c e n t l y  focused o n  var i ou s  ways to red uc e  S 0 2 emi s s ions  a t  
e x i s t i ng coa l - f i red powe r pl an t s , because new p l an t s are  a l ready 
s ub j e c t  to ve ry s tr i ng e n t  N S P S  for S 02 and N Ox · Ba s ic a l l y , the  
cos t o f  the se control  s t r a te g i e s  ( i f E PA we re g iv e n  a u t ho r i ty to  
impl ement t h em ) c o u l d  d i scour age the use  of  e x i s t i ng coa l - f i re d  
c apac i ty because o f  t h e  e x p e n s e  asso c i a te d  w i th ad d i t io n a l  S 02 
con t ro l . I f  pre l im i na ry a s s e r t ions concern i ng the  con t r i b u t io n s  o f  
o i l- f i red bo i l e r s  to s u l f a te l eve l s  ( and pr e s umably to a c id ra i n ) 
are borne out , add i t ion a l  contro l s  m i g h t  a l so be i mpo sed on e x i s t­
i ng o i l - f i red bo i l e r s , a f f e c t i ng the c o s t  o f  o i l - g e n e r a te d  e l ec­
tr ic i ty and there fore the d emand for o i l . In any even t , b e c a u s e  o f  
the expe n se o f  add i t i onal  contro l s , t he u l t im a te e f f e c t  o f  a c id 
r a i n-based con t ro l s  co u ld be to make e l e c tr i c i t y  mor e  e xpen s ive and 
therefore less compe t i t i v e  wi th s ub s t i tute energy s o u r ce s , s uc h  as 
natural gas . Th i s  c o u ld red uce the d emand for both coa l - and o i l ­
f i red bo i l e r  capa c i ty and i n c rease the d emand f o r  s ub s t i t u t e  energy 
source s ,  s uch a s  nuclear  energy a nd na t ur a l  g a s . 

To the e x te n t  that NOx em i s s ions eme rg e a s  a key f a c to r  i n  
the ac id r a i n  con trove rsy , add i t ional emi s s io n  red u c t ions  c o u l d  b e  
r eq u i red fo r mob i l e  source s .  Gi ven the s t a te o f  t h e  u . s .  a utomo­
t ive i n d u s t ry , a ny s uc h  move wo uld be very con trove r s i a l . Th e 
added expense  o f  new m o to r  ve h i c l e s  could i nh i b i t  sal e s  o f  newe r , 
more e f f i c i e n t  mod e l s , and thus  con t r i bu te to a s l o w i ng i n  the 
antic ipated d e c l ine i n  the d emand for g a s o l i n e . 
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F i nal ly ,  the impo s i t io n  o f  add i t ional reg u l a t i o n s  b a s e d  o n  a c i d  
ra i n  conc e r n s  c o u l d  con t r i bute t o  t h e  unc e r ta i n t i e s  f a c i ng those 
i nd u s t r i e s  that ope r a te so u r c e s  that em i t  ac id i c  p r e c u r so rs . As 
the c ause s and e f fe c t s  o f  ac id ra i n  are no t ye t we l l  u nd e r s tood , no 
f inal con trol s tr a te g i e s  s ho u l d  be e s tabl i sh e d . In l ig h t  o f  the 
l arge numb e r  o f  u n c e r ta i n t i e s  s ur round i ng ac id ra i n  in both the 
s c i en t i f i c and po l i cy areas , the re is a need for a c ce l er a t i ng com ­
ple t ion o f  the 1 0 -ye a r  s t ud y  requ i red by Ti t l e  VI I o f  t h e  Energy 
Se cur i ty Ac t o f  1 9 8 0 .  

C 02 " GREENHO US E "  E F F ECT 

The C 02 " g reenhou s e "  e f fe c t  i s  a po s t u l a te d  g l ob a l  c l i ma t e  
c hang e  re s u l t i ng from h ig h e r  atmosphe r ic C 02 con c e n t r a t i o n  no t 
ye t d e tected i n  g lobal temperat ure me as urement s . Li ke ac i d  ra i n , 
the prob l em i s  un iver s a l  and no t l im i te d  to the o i l  and g a s  i nd u s­
tr i e s . I t  i s  based upon the f a c t  tha t C 02 i n  the a tmosphere i s  
t ranspare n t  to ul trav i ol e t  rays i n  s un l i g h t  bu t i s  opaque to some 
of the i n frared ( he a t )  rad i a t ion to wh i c h  a por t ion o f  t h e  s u n ' s  
u l t r av io l e t  l ig h t  i s  conver ted when i t  s t r ike s the e a r th . Th i s  
me ans tha t i f  t h e  C 02 con ten t o f  the a tmosphere i ncrea se s , i t  
wou l d  te nd to pr eve n t  the rerad i a t ion to spa c e  o f  s ome o f  the s un ' s  
energ y  and one o f  the re s ul t s  could be a change i n  c l ima t e , i n c l u d ­
i ng a n  i n c rease i n  the ave r ag e  g l ob al tempe r a t ure . Ca l le nd a r  con­
j e c t ured that the rap id i ncrease in the b urn i ng of fo s s i l  f ue l s 
wh i ch ha s occur red s i nce the s ta r t  o f  the Ind u s t r i a l  Re vol u t ion 
w i l l  re s u l t  i n  an i nc r e a s e  in  the C 02 conc e n t r a t ion i n  the a tmo s ­
phere . 2 3  C .  D .  Ke e l ing , a t  Ma una Lo a Ob se rva to ry , Hawa i i ,  i n i t i ­
a ted i n  1 9 5 8  a progr am o f  C 02 concentrat ion me a s ureme n t  i n  the 
a tmosphere , wh i ch h a s  been e s s e n t i a l l y  con t i n uo u s  ever s i nc e . 2 4  
Da ta f rom Ma una Loa and three other loca t ions are shown g raph i c a l ly 
i n  F i g ur e  1 0 5 .  Se asonal var i a t ions , s uc h  a s  r a te s o f  pho to syn­
the s i s  and s e a sonal ocean tempe ratur e  chang e s , are apparent and o f  
i n te re st . The r e l a t i v e ly c lose agreeme n t  i n  abso l u te qua n t i t i e s  
and the s im i l ar i ty o f  the trend s a t  each o f  t h e  s amp l e  l o c a t ion s  
have e s tabl i shed a g lob a l  i n c re a se i n  a tmosph e r i c  C02 a s  a 
cred ible phe nome no n . 

The co i nc i d e n c e  o f  th i s  i ncrease w i t h  the i nc r e a s e  i n  combu s­
t ion of fo s s i l  f ue l s  s i nce abou t 1 8 6 0  has l ed to a w i d e l y  a c c epted 
conc l u s ion that the burn i ng o f  fo s s i l  f ue l s  is a s ig n i f ic an t , i f  
not the maj or , c on tr i b u to r  to a real i n c r e a se i n  a tmosphe r i c co2 • 
By 1 9 7 4 ,  the burn i ng o f  coal accounted for 2 8  perc e n t  o f  c o 2 pro­
d uc t ion , o il fo r 3 5  p e rcen t ,  a nd natural g a s  f o r  1 9  p e r ce n t . 23 
I t  i s  a l so recog n i zed that  ag r i c u l t ural  prac t i c e s  s uc h  a s  " s l a s h i n g  
and b urn i ng " c a n  ad d to a tmo s ph e r i c  C0 2 b y  b ot h  the b u r n i ng o f  
fo res t b i oma s s  a nd t h e  concomi tant  r e d u c t i on i n  photos yn t he t i c r e ­
mova l  of C02 . 2 6  Al so , i n  1 9 7 4 the C0 2 r e l e a s ed b y  man-made 
sour c e s  in  ma j o r  areas wa s : Un i t ed S t ate s , 27  p e r c en t ;  We s te rn 
E urope , 1 8  pe rce n t ; Sov i e t  Un ion , 1 6  percent ; o t h e r , 3 9  pe r­
cent . 27  The r e fore , the C02 prob l em ,  i f  there i s  one , w i l l  
r eq u i re j o i nt ac t ion b y  ma j o r  powers , b e c a u s e  un i l a te ra l  a c t ion b y  
a n  i nd i v id ua l  country o r  s ma l l  group o f  coun t r i e s  w i l l  not s u f f i c e . 
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Fig u re 1 05 .  Measu rements of C02 Concentrat ion  i n  the Atmosphere at Selected Stat ions .  

SOURCE: Machta, L . ;  Hanson, K . ;  Kee l i ng ,  C .  D . ,  "Atmospheric Carbon Dioxide and  Some I nterpretat ions," The Fate of Fossil Fuel 
co2 in the Oceans, Plenum Press. 1 977. 

Th e q ue s t ion a s  to whe th e r  the r e  w i l l  b e  a C02 prob l em h a s  
generated cons ide r ab l e deb a te . Th e o n e  fact  tha t s c i e nt i s t s i n  
th i s  f i e l d  seem agreed  u pon i s  that there h a s  b e e n  a n  i n c r e a s e  i n  
g lob al a tmos ph e r i c  C02 content from ab ou t 3 1 5 p a r t s  pe r m i l l i on 
vo l ume ( ppmv ) i n  1 9 5 8  to ab ou t 3 3 5  ppmv or s l igh t l y  more today . 
Th e cau s e  of th i s  i n c r e a s e  i s  g e ne ral ly a t t r ib u ted to the l a rge 
quan t i t i es of fos s i l  f u e l  b e i ng b urned . 

The oceans a r e  a ve ry large pote n t i a l  s i nk for C 02 and there­
fore repr e s e n t  a ve ry l a rg e  unknown . Th e chem i s try o f  C02 ab ­
sorpt ion i n  wa te r i s  we l l  unde rs tood and q ua nt i f i ed , a l though there 
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rema i n  que s t ions  a s  to rates  and equ i l i b r i a  i n  s e a wa te r .  Th e r a t e s  
of c o2 ( or c arbona t e  ion ) e x change be t we e n  t h e  a tmosphere and 
s ur f ace wa te r s  and deeper wa te rs , and the e f f e c t s  of the v a r y i ng 
temperat ure s of ocean wa ters i n  d i f f eren t c ur r e n t s  and d i f f e r en t  
oceans a l l  are poorly d e f i ned a s  are a l l  o f  the c ur r e n t s  and 
" t urnove r "  ra te s , wh i c h  are of ma x imum impor tance in d e termi n i ng 
the rate of the m i x i ng of add i t i onal C02 i nto the o c e a n s . 

There have b e e n  many good e s t ima tes  of the to t a l  c a rb o n  i n  the 
b i osphere and the rates of e x change d ue to s u ch pro c e s s e s  a s  photo­
syn the s i s  and de compos i t ion . There have b e e n  s eve r a l  compe tent  
a t tempts to  make mathema t i c a l  mod e l s  of the s y s t em a nd o f  i t s  ma j or 
parts . 2 8  Al l of  the s e  have added i n fo rma t ion , b u t  the " a r e a  of 
i gnoranc e "  i n  the tot a l  s ub j e ct rema i n s  very l arge . Mad d e n  a nd 
Rama na thau h ave s ta ted t h a t  the tempe rature i nc r e a s e  expe c t ed to 
accompany the ob s e rved C02 con c e n trat ion i n c re a s e  s i n c e  the s ta r t  
o f  the I nd u s tr i al Revo l u t ion s hou ld b e  d e tect ab le now , p a rt i c u l a r l y  
a t  h i gher l a t i tud e s . T h e  i ns t rume n t a l  r e cord d o e s  not i n d i ca t e  
s uch a tempe r a tu r e  s h i f t . 2 9  O n  the other h a nd , a r e c e n t  pape r b y  
H a n s e n  e t  al . i nd i c a t e s  t h a t  i ndeed th e g lob a l  t empe r a t u r e  h a s  
r i s e n . 3 0  

The reason th a t  the s ub j e c t  cont i nue s to c a u s e  deb a te and to 
s t i mu late r e sea rch i s  t h a t  i t  is so ve ry c l os e ly t i e d  to the wor l d  
e ne rgy prob lem . I f  fos s i l f ue l  comb u s t io n  i s  the ma j or c a u s e  of 
increas i ng a tmosphe r i c C02 , if  the i nc r e a s i ng C02 con t e n t  w i l l  
r e s u l t  i n  l a rge o r  pos s ib l y c a t a s troph i c  c l ima t e  c h a ng e s ,  a nd i f  
nat ural cons tra i n t s  are  e i th e r  i n ad equate  or too s l ow t o  keep t h e  
s i tu a t ion s tab l e ,  t h e n  a c t ion m u s t  b e  i n i t i a ted f a i r l y  s o o n  to 
red uce the d i s ch a rg e  o f  C02 i n to the a tmosph e re . 

Th i s  a c t ion could take the form of re s tr i c t ions  on the u s e  of 
fos s i l  fue ls . �e b u r n i ng of a l l  of  the " recove r ab l e  r e so u r ce s "  of  
o i l  ( 2  tr i l l ion barre l s ) and o f  g a s  ( 9 , 0 0 0  tr i l l i o n  c ub i c  f ee t )  
only ( no t  coal ) could  not ra i s e  the g loba l C02 l e v e l  ( a s s um i ng 
an a i rborne f r a c t ion o f  0 . 5 3 )  to 5 0 0 ppmv , wh i c h  i s  con s i d e re d  
accepta b l e . 3 1  Th e fo s s i l  f ue l s  hav ing much g re a te r  abundance , 
par t i c u l a r l y  coa l , are  pre s e n t  i n  s u f f ic i e n t  quan t i ty to c a u s e  
unacceptable  C0 2 ( and tempe r a ture ) l ev e l s .  

Th us the C 02 " greenhouse " e f fe c t  may o r  may no t b e  a s e r io u s  
probl em i n  the f u t ur e . I f  i t  w i l l  be a s e r ious  probl em , p l a n s  and 
impl eme n t a t i o n  s t rateg i e s  should be deve l oped in the n e a r  f u ture . 
The Un i te d  Sta te s  a nd the Wo r l d  Me teorolog i c a l  Org an i za t ion are 
comm i s s i on i ng many ad d i tional  C02 mon i to r i ng s ta t i o n s  to prov i d e  
a s pa t i a l l y  d i s tr i bu ted s amp l i ng network . Pre s e n t me teorolog i c a l 
s ta t i ons should  prov i d e  the n e c e s sa ry no t i ce o f  a wa rm ing t rend a s  
soon a s  i t  c a n  b e  d i f f eren t i a ted f rom " no rma l "  temp e r a t ure f l uc t u a­
t ions . Th e ab i l i ty to d i f fe r e n t i a te must  b e  d e v e l oped . In the 
me ant ime , recog n i z i ng the imme n s i ty o f  the energy s upp l y  i n d u s tr y  
a n d  the t ime r eq u i red t o  make f undame n t a l  chang e s  i n  s u c h  s uppl y  
area s  a s  raw ma ter i a l  sourc e , and recog n i z i ng t h a t  a n y  mand a te d  
r e s t r ict ions  on fos s i l f u e l  use wo u l d  n o  doubt requ i re s u c h  fun d a­
men ta l  change s ,  the pe t role um indus try mus t s ta y  c l o s e l y  a wa re o f  
p rog r e s s  i n  th i s  f i e ld . 
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INDOOR A I R  POLLUT ION 

Th i s  i s s ue is now rece iv i ng i ncrea sed a t te n t ion and may b e  a 
maj or i s s ue i n  the 1 9 8 0 ' s . It i s  a general  concern tha t i s  b road e r  
than t h e  pe tro l e um i n d u s t ry . The i s s ue i s  concerned pr imar i ly w i t h  
those indoor contam i n a n t s  tha t a r e  g e ne r a te d  or l i be r a ted indoors . 
When they reach h i gh concentrat ions the y may c a u s e  n u i s an ce s , i rr i ­
ta tion of  s e ns i t iv e  t i s s ue s ,  i l l ne s s , a nd i n  some c a s e s  d e a th from 
acute a s  we l l  a s  c h ron i c  e xpos ure s . 

Mo s t  peopl e spend on the ord e r  o f  8 0 - 9 0 p e r c e n t  o f  the i r  t ime 
i n  a ho use , an o f f i ce , a f a c tory , a s tore , o r  a p ub l i c pl a c e  s uc h  
a s  a thea t e r  o r  a re s ta ur an t .  There i s  an i n c re a s i ng amo u n t  o f  
sc i e n t i f i c  d a ta that show that i ndoo r  expo s ur e  to the c r i te r i a and 
other pol l u tan t s  c o u ld be s ubs tan t i a l , but  there is l i t t l e  e p id e­
m io l og i c al ev id e n c e  on the he al th e f fe c t s  of the i nd oo r  po l l u ta n t s . 
Indoor e xpos ure h a s  b e e n  l arge l y  overlooked i n  r e s e arch on the 
h e a l t h  e f f e c t s of  the e nv i ronme ntal cr i te r i a po l l u ta n t s  even tho ug h 
i t  i s  now be i ng recogn i zed to be an important  a s pe c t  o f  the to t a l  
e xpo s ur e  t o  many po l l u ta n t s . 

In door a i r  po l l u t i o n  in r e s i d e n ce s ,  p ub l i c  b u i l d i ng s , a nd o f­
f i ce s i s  cre a ted for the mo s t  par t by the peopl e ' s  a c t iv i t i e s  and 
the i r  u s e  of  appl ianc e s ,  powe r equ i pme n t ,  a nd ho u s e hold ma te r i a l s  
and chem i c a l s ; by we ar a nd te ar and d e te r ior a t i o n  o f  some o f  the 
s truc tur al and d e cor a t i v e  ma ter i a l s ; by therma l e f fe c t s ; and by the 
in trus ion of ou tdoor amb i e n t  a i r pol l utant s .  I n  some c a s e s  the s e  
c r i te r ia po l l u t a n t s  may repr e se n t  the mos t  impo r t a n t  s t re s s  on 
h uman h e a l t h  and we l f are and there is an i nc r e a s i ng amo u n t  of sc i ­
e n t i f i c d a ta av a i l ab l e  to e s tab l i sh the i r  e f fe c t s  a n d  e s ta b l i sh 
stand ard s . 

Some of  the po l l u t a n t  sour c e s  ( e . g . , c i g a re t t e  smok i ng )  have 
b e e n  re cogn i z ed for a long t ime ,  b u t  the i r  importance  h a s  only 
recently b e e n  eva l ua ted . A numb e r  o f  sou r c e s  are o f  conce r n  only 
i n  the i ndoor e nv i ronmen t ;  i . e . ,  cook i ng and use  o f  ch em i c a l  con­
s umer prod uc t s , space h ea t i ng dev i c e s , a nd c e r t a i n  f l oor a nd wa l l  
cove r i ng s . The e x pa nded u s e  o f  wood a nd coa l for space h e a t i ng 
a l ong w i th keros i ne and bottled  g a s , a nd u se o f  prod u c t s  t h a t  
l ib e ra te o rg an i c  s ub s tances  a re a pote n t i a l  c on t r ib u t i on t o  the 
contam i na t ion of  i nd oor a i r  space . I n  i so l a ted c a s e s , i nf e c t i ou s 
m i c rob e s  a nd al l e rgen i c  agents  can grow a nd con t r ib u te to the 
i nd oor prob lem . 

A recent repo r t  b y  the Commi ttee on I nd oo r  Po l l u t a n t s  o f  the 
NRC has identi f i ed a numb e r  o f  s pe c i f i c  pol l u t a n t s  and c l a s s e s  o f  
po l l utants  a s  current  o r  pos s ib le i nd oo r  po l l u t an t  prob lems . 3 2  
These are : 

• Radon 

• Formaldehyde 

• Asb e s tos 
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• Syn th e t i c  f ib e rs 

• Tob acco s moke 

• Prod u c ts o f  comb u s t ion 

• M i c roorg a n i sms and a l le rge n s  

• Mo i s ture . 

Ve n t i la t ion a l o n e  may n o t  b e  s u f f i c i e n t  to d i l u t e  i ndoor po l­
l u t ion to a n  accep t ab l e  l e ve l a nd may be i napprop r i a t e  for a 
var i e ty o f  r e a son s ; i . e . ,  not ava i l ab l e ,  not contro l l ab l e , s ub ­
s tant i al e ne rg y  penal t i es , a nd i n t rod u c t ion o f  ou t s i d e  po l l u t a n t s . 
The i n t ro d u ct ion o f  e ne rg y  cons e rva t ion s y s t ems to r e d u c e  ve n t i l a­
t io n  could aggrav a t e  prob lems i n  i nd oor a i r  q ua l i ty ,  c r e a t e  new 
prob l ems ( nu i sa nc e s ) ,  a nd pe rh aps be gene r a l l y  de t r i me n t a l  t o  
h ea l th and we l fa re u n l e s s  po l l u t ion con t ro l  me a s ures  a re take n .  

There i s  no q ue s t io n  that there i s  a g r e a t  compl e x i ty to the  
study o f  h uman e x po s u re s  t h a t  h ave mu l t ip l e  s o u rc e s . The b a r r i e rs 
b e twe en i ns ide and ou t s ide  a i r  a re not ab s o l u te , a nd amb i e n t  a i r  
con t r ib u t e s  to i nd oo r  a i r . O u tdoor a nd i nd oor a i r  may rea c t  chem­
i cal l y  to p rod uce a d i f fe re n t  i nd oor e f fe c t . Th e deve l opme n t  o f  
e f fe c t i ve a nd e f f i c i e n t  con tro l s tr a t eg i e s  f o r  m i t i g a t i ng the s e  
s us pe ct ed i nd oor prob lems requ i re s  a g r e a t l y  improved und e rs t a nd i ng 
o f  the e x posure l e ve l s , the h uman respons e s  to the  e x pos u r e , and 
po l l u t a n t  i nterac t ions . 

NAT I ONAL AMB I E NT AI R QUAL I TY S TAN DARDS 

Du r i ng t he 1 9 7 0 ' s ,  wh en the NAAQS we re f i rs t e s t ab l i shed a nd i n  
some ca s e s  revi s ed , a g re a t  d e a l  wa s l e a rn e d  ab o u t  a i r  po l l u t ion 
c a u s e s  a nd e f fe ct s . Improveme n t s  are needed i n  the  way the  NAAQS 
are e s t ab l i s h ed . 

Th e NAAQS should  b e  r e v i ewed and rev i s ed both to re f l e c t  sound , 
up- to-d ate sc i e n t i f i c ev i d ence and to prov i d e  a b a l ance w i th o th e r  
impor tan t n a t ion a l  g o a l s .  In  o t h e r  word s , the  NAAQS mus t be based  
o n  sound med i c al and  s c i e n t i f i c  evid ence and mu s t  prote c t  pub l i c 
hea l t h  and we l f are w i th an ad equa t e  marg i n  o f  s a f e t y . The s e  s ta n­
d ard s shou l d  al so take i n to account the impo r t a n t  n a t ional goal s o f  
prod uc i ng s u f f i c i e n t  energy a n d  ma i n ta i n i ng a s o u nd e conomy . 

S ome ch a ng e s  i n  s tandard s e t t i ng t h a t  E PA c o u l d  cons i d e r  are : 

• " Pr imary s ta n d a rd s " a re s e t  a t  l eve l s  tha t prote c t  the 
pub l i c h e al t h , p l u s  a ma rg i n  of  s a f e ty . Wh e n  s e t t i ng t h a t  
marg i n  o f  s a f e ty ,  EPA s hould co ns i d e r  o th e r  r e l evant fac­
to rs , s uch a s  a t t a i nab i l i ty a nd i nc reme n t a l  cos ts and 
b e n e f i t s . 

• De f i ne ad ve rse he a l th e f fe ct s  a nd e s t ab l i sh a n  acceptab l e  
me thod o l og y  for eva l u a t i ng h e a l t h  r i sk s . EPA ' s c r i t e r i a  
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docume n t s  a nd po l i c y  a n a l ys i s  d o cume n t s  s hould  e va l u a t e  the 
s tud i e s  that a re u sed as a ba s i s for d e c i d i ng a po l l u t a n t ' s  
h ea l th e f f e c t s . More ove r , EPA s hou l d  re cogn i ze the  impor­
tance of s tud i e s  who s e  f i nd i ng s  are s uppo rt ed i n  o t h e r  
s t u d i e s . A q u a l i f i ed s c i e n t i f ic b od y , the  C le a n  A i r  S c i e n­
t i f ic Ad v i sory Commi t tee o f  the Sc i e n c e  Ad v i so ry B o a rd , 
s hould e v a l u a t e  the s tu d i e s  u s ed i n  E PA ' s c r i te r i a  docume n t s  
a s  we l l  a s  the e nd prod u c t ; i . e . , t h e  NAAQS . Be fore e s tab ­
l i sh i ng a new o r  rev i s i ng an old  s t andard , EPA s h o u l d  b e  
req u i r ed to reconc i l e  i t s  f i nd i ng s  w i t h  tho s e  of the sc i e n­
t i f ic body r e v i e w i ng th e s e  f i n d i ng s . 

• Make s ure t h a t  proposed NAAQS a nd e x c e e d a nc e s  o f  the NAAQS 
al low for the  u n c e r t a i nty i n  such f a c tors a s  un ique me t eoro­
log i c a l  cond i t ions , a i r  qua l i ty mon i tor i ng , a nd a i r  q ua l i ty 
compu t e r  mod e l i ng .  P roposed NAAQS s hou l d  a l low mor e  f l e x i ­
b i l i ty i n  d e t e rm i n i ng exceedanc e s  ( i n s t a n c e s  wh e n  t h e  s pe c i ­
f i ed a i r q u a l i ty l im i t  i s  ex ceeded ) ,  a nd t ake i n to a ccou n t  
n a t ur a l  o c c urrences  a nd emergency po l l u t ion e p i sode s . 

• Ana l y z e  ad d i t ion al c os t s  a nd b e ne f i t s and t ake reg ional  
d i f fe rences  i n to ac count i n  se t t i ng t h e  s e cond a ry s ta nd a rd s , 
those s t a nd a r d s  t h a t  a re i n tend e d  to prot e c t  prope r ty ,  
p l a n t s , a e s the t i c s , a nd other pub l i c  we l f a r e  va l ue s . 

The i s sue of how to s e t  and a t t a i n  the  NAAQS , b ot h  pr ima ry a nd 
secondary , w i l l  b e  a ma j o r  i s s ue of the 1 9 8 0 ' s .  The  d eb a te i s  j u s t  
now h e a t i ng u p  and w i l l  prob ab ly cont i nue fo r some t ime un t i l  t h e  
NAAQS a r e  revi sed and i n  place . As mor e  know l ed g e  i s  ob t a i n e d , i t  
i s  conce ivab l e  t h a t  th i s  i s s ue w i l l  b e  ra i se d  pe r i od i c a l l y  a nd de­
bated fa r i n to the fo rsee ab l e  f u t ure . 
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THE SECRETARY OF ENERGY 
WASHINGTON, D . C. 20685 

Mr . C .  H .  Murphy , Jr . 
Cha i rman 
National Petroleum C ounc i l  
1625 K Street , N . W .  
Wa shington , D . C .  20006 

Dear Mr . Murphy : 

April 9 ,  1980 

APP ENDIX A 

I n  19 7 1 , a t  the re que s t  o f  the S e c re t a ry o f  the Inte r i o r , the Nati ona l 
Petroleum Coun c i l  p ub l i s hed a study rep o r t  enti t l e d  Env i r o nment a l  
Conservation . This report dealt with the envi ronmental e f fects o f  the 
petrol eum indus try a nd ha s been of great a s s i s tance to Government o f f i c i a l s  
making p o l i cy de c i s i ons invo lving p o l l ution cont r o l  r e gul a t ions . 

During the p a s t  de c a de , extens ive new s tatut o ry and regul a t o ry f r amewo rks 
have been e s tab l i shed i n  regard to envi ronmental requi rements a f fe c t i ng 
o i l  and gas ope r a t ions . Add i t ionally , s i gn i f i cant techno l o g i c a l  a dvance s 
in the o i l  and ga s indu s t ry have o c curred s ince 19 7 1 . The s e  a dvances not 
only increase e c onom i c  e f f i c i en cy but mitiga te e nvi ronmental ha z a rds a s  
we l l . 

I reques t  that the National Petro leum Counc i l  unde rtake to update the 197 1 
rep o rt on Environment a l  Cons e rvation . In this upda t e , s p e c i a l  empha s i s  
should b e  p l a ce d  o n  determining the envi ronmenta l p rob lems that a re m o s t  
s e rious a n d  the imp a c t  o f  current envi ronmenta l c o nt r o l  regulations on the 
ava i l ab i l i ty and c o s t  of petrol eum p roducts and natur a l  ga s . 

For purp o s e s  o f  this s tudy , I w i l l  d e s i gnate R .  Dob i e  Langenkamp , the 
Deputy As s i stant S e c reta ry for Re s ource Deve l opment and Op e ra t i ons , 
Re s ource App l i cations , to rep res ent me and to p rovide the ne c e s s a ry 
c o o rd ination between the Dep a rtment o f  Ene rgy and the Nati onal Petrol eum 
Counc i l . 

S incere ly , 

.f . . dl : .1 1 _Y·? J : ·J 'V-. A �arl�s W .  Duncan , 
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Background Information on the National Petroleum Council 

In May 1 946, the President stated in a letter to the Secretary of the Interior that he had been 
impressed by the contribution made through government/industry cooperation to the success of the 
World War II petroleum p rogram. He fel t  that it would be beneficial if this close relationshi p  were to be 
continued and suggested that the Secretary of the I nterior establish an i ndustry organization to advise 
the Secretary on oil and natural gas matters. 

Pursuant to this request, I nterior Secretary J. A. Krug established the National Petroleum 
Council on June 1 8, 1 946. I n  October 1 977, the Department of Energy was established and the 
Council's functions were transferred to the new department. 

The purpose of the NPC is solely to advise, inform, and make recommendations to the Secretary of 
Energy on any matter, requested by him, relating to petroleum or the petroleum industry. The Council 
is subject to the provisions of the Federal Advisory Committee Act of 1 972. 

Matters which the Secretary of Energy would like to have considered by the Council are 
submitted as a request i n  the form of a letter outl ining the nature and scope of the study. The request is 
then referred to the NPC Agenda Committee which makes a recommendation to the Council. The 
Council reserves the right to decide whether or not it  will consider any matter referred to i t. 

Examples of recent major studies undertaken by the NPC at the request of the Department of the 
Interior and the Department of Energy i nclude: 

• Environmental Conservation-The Oil and Gas Industries ( 1 97 1 ,  1 972) 
• U.S. Energy Outlook ( 1 97 1 ,  1 972) 
• Potential for Energy Conservation in the United States: 1 97 4- 1 978 ( 1 97 4 )  
• Potentialfor Energy Conservation i n  the United States: 1 979- 1 985 ( 1 975) 
• Ocean Petroleum Resources ( 1 975) 
• Petroleum Storagefor National Security ( 1 975) 
• Enhanced Oil  Recovery ( 1 976 ) 
• Materials and Manpower Requirements ( 1 974, 1 979) 
• Petroleum Storage & Transportation Capacities ( 1 974, 1 979 ) 
• Refinery Flexibility ( 1 979, 1 980) 
• Unconventional Gas Sources ( 1980) 
• Emergency Preparedness for Interruption of Petroleum Imports into 

the United States ( 1 98 1 )  
• U.S. Arctic Oil and Gas ( 1 981)  

The NPC does not concern i tself wi th trade practices, nor does i t  engage i n  any o f  the usual trade 
association activities. 

Members of the National Petroleum Council are appointed by the Secretary of Energy and 
represent all segments of petroleum interests. The NPC is headed by a Chai rman and a Vice Chairman 
who are elected by the Council. The Council is supported entirely by volu ntary contributions from its 
members. 
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Pe nnzo i l  Company 

Mac DONA LD,  Pe te r 
Cha i rman 
Coun c i l  of En ergy Re so urce  Tr ibes 

Mc GE E ,  D .  A .  
Cha i rma n 
Ke rr-McGe e Co rpo ra t io n  

Mc K I NLE Y ,  Jo hn K .  
Cha i rman and 

Ch i e f  Ex e c u t i v e  Of f i c e r  
Te xaco Inc . 

McW I L L I AM S ,  W .  K . , Jr . 
Pr e s id en t  
w. K .  M .  Inves tme n t s , Inc . 



MAGU I RE ,  Cary M .  
Pre s id en t  
Mag u ire Oi l Company 

M AYER, F.  R.  
Cha i rman of the Board 
Ex e te r  Dr i l l i ng Compan i e s  

M EDDERS , Thom a s  B . , Jr . 
Par tner 
Med d e r s  Oi l Company 

M I LLER, C .  Jo hn 
Par tner 
M i l l e r  Brothe r s  

MOF FETT, Jame s R .  
Pre s id e n t  a nd 

Ch i e f  Ex e c u t ive Of f i ce r  
McMoRa n  O i l  & Gas Company 

MONTGOMERY, Je f f  
Ch a i rman o f  the Bo ard 
Ki rby Ex pl o r a t ion Compa ny 

MORAN, R .  J .  
Cha i rman o f  the Bo ard 
Mo ran Ene rgy Inc . 

MOSBACHER,  Robe r t  
Ch a irman 
Mo sbache r Prod uc t ion Company 

MURPH Y, C .  H . , Jr . 
Ch a i rman of the Bo ard 
Murphy Oil Co rpo r a t ion 

O ' SH I ELDS , R .  L .  
Cha i rman and 

Ch ief Exe c u t ive Of f i c e r  
Pa nhand l e  Ea s t e r n  Co rpo ra t ion 

PARKER ,  Ro b e r t  L .  
Cha i rman of the Boa rd and 

C h i e f  Ex e c u t ive Of f i c e r  
Pa rke r Dr i l l ing Company 

PETERSEN,  S id n ey R .  
Ch a i rman o f  the Bo ard and 

Ch i e f  Exe c u t ive Of f i c e r  
Ge tty Oi l Company 
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PETT Y ,  Tr av i s  H .  
Cha i rman o f  the Boa rd 
Th e El Pa so Company 

PH I LL I PS , Jo hn G .  
Cha i rman o f  the Boa rd an d 

Ch i e f  Ex e c u t i v e  Of f i ce r  
Th e Lou i s i an a  Land 

& Expl ora t io n  Company 

PIC KENS , T.  Boone , Jr . 
Pre s id e n t  a nd 

Ch a i rman of the Board 
Me s a  Pe trole um Compan y  

P ITTS , L .  Fran k 
Own e r  
Pi tts Energy Group 

R IC E , Do n a ld B .  
Pr e s id e n t  
Rand Cor por a t io n  

RI DGWAY, Jul i us M .  
Pr e s i d e n t  
Coa s ta l  Explora t io n , Inc . 

ROB ERTSON ,  Co rb i n  J .  
Ch a i rman of the Bo ard 
Qu i n tana Pe trole um Corpora t io n  

ROS E NBERG,  Henry A . , Jr . 
Ch a i rman o f  the Bo ard and 

Ch i e f  Ex e c u t ive Of f i c e r  
Crown Ce n t r a l  Pe tro l e um 

Corpo r a t ion 

S H I DE ,  Mar i j o 
In te rna t io n a l  Pr e s i d e n t  
Gen e r a l  Fed e r a t ion o f  Wome n ' s  

Cl ubs 

S IMMONS , Do na l d  M .  
Pre s id e n t  
S immons Roya l ty Company 

SMART , S .  Br uc e , Jr . 
Cha i rman a nd 

Ch i e f  Ex e c u t i v e  Of f i c e r  
The Con t i ne n ta l  Group , Inc . 



SWEARI NGEN , John E .  
Cha i rman o f  the  Board 
S tand a rd O i l  Company ( I nd i a na ) 

THOMAS , Rob e r t  E .  
Cha i rman o f  the  Boa rd 
MAPCO I n c . 

TRI MBLE , Georg e  E .  
Cha i rman o f  the  Board and 

C h i e f  E x e c u t ive O f f i c e r  
Ami no i l  U . S . A . , I n c . 

TRUE , H .  A . , Jr . 
Partner 
True O i l  Company 

WAI DELI CH , Char l e s  J .  
Cha i rman and 

Ch i e f  E xe c u t i ve O f f i c e r  
C i t ie s  S e rv i ce Compa ny 

WARD , Mart i n  
Pre s i de n t  
U n i ted A s soc i a t ion o f  Jour neyme n 

and Appren t i ces o f  the 
P l umb i ng and P i pe F i t t i ng 
I nd u s try o f  the U n i ted S t a t e s  
a nd Canada 
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WARN E R ,  Raw l e i g h , J r . 
C h a i rman o f  the  Board 
Mob i l  Corpo r a t i o n  

WARREN , Joh n F .  
I nd epende n t  O i l  Opera tor/Prod ucer 
Au s t i n ,  T e x a s  

WH ITEHOUS E ,  Al ton W . , J r . 
C h a i rman o f  the  Board and 

C h i e f  E xe c u t i ve O f f i c e r  
T h e  S tandard O i l  Company ( Oh i o ) 

WI LLIAMS , Jos eph H .  
Ch a i rman o f  the  Board a nd 

C h i e f  E xe c u t i ve O f f i ce r  
T h e  W i l l i ams Compa n i e s  

WI S CH E R ,  I r e ne S .  
Pre s i d e n t  and 

Ch i e f  E x e c u t i ve O f f i c e r  
Panha nd l e  P rod uc i ng Compa ny 

WRI GHT , M .  A .  
Cha i rman o f  the  Board and 

Ch i e f E x e c u t i ve O f f i c e r  
Came ron I ron Work s , I n c . 

ZEPPA , K e a t i ng V .  
Pre s i d e n t  
De l t a Dr i l l i ng C ampany 
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NAT I ONAL PETROLEUM COUNC I L  

COMMITTE E ON 
ENVI RONMENTAL CON S E RVATI ON 

CHAI RMAN 

Al ton w. Wh i tehou s e , J r . 
Cha i rman of the Boa rd a nd 

C h i e f  E xe c u t ive O f f i c e r  
The S t andard O i l  Company ( Oh io )  

EX OFF I C I O  

John F .  Bookout 
Cha i rman 
N a t ional Pe troleum Counc i l  

GOVERNMENT COCHAI RMAN 

Wil l i am A .  Vau g h a n  
Ass i s t a n t  S e c r e t a ry 
Env i ronme n ta l  P rotec t ion , S a f e ty ,  

and Eme rg e n c y  Prepa re d n e s s  
u . s .  Depa r tme n t  o f  E n e rg y  

E X  OF F I C I O  

Rob e r t  Mosb a ch e r  
V i c e  C h a i rma n 
N a t ional Pe tro l e um Coun c i l  

SECRETARY 

Ma rs hal l W .  N i ch o l s  
E xe c u t i ve D i re c tor 
N a t ional Pe troleum Cou n c i l  

J a ck M .  Al l e n , Pr e s i d en t  
Alpar Re source s ,  In c .  

R. E .  Ba i l ey 
Cha i rman and 

Ch i e f  Exe cut ive Of f i c e r  
Conoco I n c . 

R .  F .  Ba u e r  
Cha i rman of t h e  Board 
Gl obal Ma r i ne I n c . 

Robe rt A .  Be l f e r , Pr e s i d en t  
Be l c o  Pe t ro l e um Corpora t ion 

John A. Carve r , Jr . 
D i r e c tor of the Na tural 

Re source s Prog r am 
Co l l eg e  of Law 
Un ivers i ty o f  De nve r  

Col l i s  P .  Chand l e r ,  Jr . 
Pr e s id e n t  
Chand l e r  & As soc i a te s , Inc . 

* * 
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* 

E .  H .  Cl ark , Jr . 
Pre s i d e n t  an d 

Ch a i rman o f  the Board 
Bake r Interna t iona l 

Jame s W .  Emi so n ,  Pre s i d e n t 
We s te r n  Pe tro l e um Company 

Jame s H .  Eva n s , Ch a i rman 
Un io n Pac i f i c  Corpora t io n  

R .  I .  Ga l l an d  
Cha i rman o f  the Board 
Ame r i c a n  Pe tro f i n a , Incorpora te d 

F .  D .  Go t t wa l d ,  Jr . 
Ch i e f Ex e c u t i v e  Of f i ce r , 

Cha i rman o f  the Boa rd and 
Ch a i rman o f  Ex e c u t i ve Comm i ttee 

Ethyl Corpora t ion 

Dav i d  B .  Graham 
De puty Ge n e r a l  Coun s e l  
Ve l s i co l  Chem i c a l  Corpora t io n  



ENVI RONMENTAL CONSERVAT I ON 

Dr . Jay D .  Ha i r  
E xe c u t i ve V i c e  P re s i d e n t  
N a t ional Wi l d l i fe F ed e r a t ion 

John R.  Hal l 
Cha i rman of t h e  Board and 

C h i e f  E x e c u t ive O f f i c e r  
Ash land O i l , I n c . 

Rob e r t  A .  H e fner I I I  
Pres i d e n t  and 

Manag i ng Partner  
The  GHK Compa n i e s  

Wi l l i am L .  H u tc h i son 
Ch a i rman of the Boa rd a nd 

C h i e f  E x e cu t i ve O f f i c e r  
T e x a s  O i l  and Ga s Corpora t ion 

Joh n  T .  K l i nke f u s , P re s i d e n t  
B e rwe l l  Energ y , I n c . 

Pe ter MacDonal d ,  Cha i rman 
Counc i l  o f  E n e rgy Re source T r ib e s  

D .  A .  McGee , Cha i rma n 
Ke rr-McGe e Corpo r a t ion 

John K .  McK i nley 
Cha i rman a nd 

Ch i e f  E x e c u t ive O f f i c e r  
Texaco I nc . 

Dav i d  C .  Mas s e l l i 
An taeu s :  Re sources Cons u l t i ng 

F .  R .  Maye r 
Ch a i rman of th e Board 
E x e t e r  Dr i l l i ng Compa n i e s  
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R .  J .  Mor a n  
C h a i rman o f  t h e  Board 
Mo ran E n e rg y  I n c . 

L .  F r a nk P i t t s , Owne r  
P i t t s  Ene rg y  Group 

Ros emary s .  Poo l e r  
Comm i s s ioner 
P ub l i c  S e r v i c e s  C omm i s s i on 

H e n ry A .  Ros e nb erg , J r . 
Ch a i rman of the Board and 

C h i e f  E xe c u t i ve O f f i c e r  
Crown C e nt r a l  Pe t r o l e u m  

Corpor a t i on 

Rob e r t  E .  Thoma s 
Ch a i rman of the Board 
MAPCO I nc . 

H .  A .  T rue , J r . 
Pa rtne r 
T rue O i l  C ompa ny 

Mart i n  Ward , P re s i d e n t  
Un i ted A s so c i a t ion o f  Jour neyma n 

a n d  Appre n t i c e s  o f  th e P lumb i ng 
and P i pe F i t t i ng I nd u s try of 
the Un i ted S t ate s and C a nad a 

Raw l e i g h  War ne r , J r . 
Cha i rman o f  the Board 
Mob i l  Corpor a t ion 



NAT I ONAL PETROLEUM COUNC I L  

C OORD INAT ING SUBCOMM I TTE E 
OF THE COMMITTEE ON 

ENVI RONMENTAL CONSERVAT ION 

CHAI RMAN 

Donald L .  Cawe i n  
D i r ector - E ng i ne e r i ng , He a l t h  

a nd E n v i ronme n t a l  A f fa i rs 
The S tand a rd O i l  Compa ny ( Oh io )  

AS S I STANT TO THE CHAI RMAN 

Rob e rt E .  Fa rre l l  
D i re c tor o f  E n v i ronmen t a l  A f fa i rs 

and P r od u c t  S a f e ty 
The S t a nd a rd O i l  Company ( Oh i o )  

Dr . Harry M .  Brennan 
D i r e c tor 
Env i ronmental  and 

Energy Con s e rva t io n  

* 

Standard O i l  Company ( Ind i an a ) 

Dav id M .  Burne t t  
Reg u l atory Coord i n a to r  
Chand l e r  & As soc i a te s ,  Inc . 

Dr . W .  J .  Coppoc 
Cons u l tant 
Texaco Inc . 

Ha rold F .  E l k i n ,  Direc to r  
Env i ro nmental  Af f a i rs/ 

Energy Con s e rva t io n  
S u n  Company , In c . 

Jame s W .  Em i so n ,  Pr e s i d e n t  
We s te r n  Pe t ro l e um Company 

Ivan H .  G i l man 
D i r e c tor - Env i ronme n t a l  Af f a i r s  
Stand ard O i l  Company o f  

Ca l i fo rn i a  

Dav id B .  Graham 
De puty Ge n e r a l  Coun s e l  
Ve l s i co l  Che m i c a l  Cor por a t io n  

GOVERNMENT COCHAI RMAN 

E l l i so n  S .  B ur to n  
O f f i c e  o f  Fos s i l  E n e rg y  

Programs 
u . s .  Depa rtme n t  o f  E nergy 

SECRETARY 

Joan Wal s h  C a s s ed y  
Comm i t t e e  Coord i nator 
Na t ional Pe troleum Cou nc i l  

* * 

Dr . J ay D .  H a i r  
E x e c u t ive V i ce P r e s i d e n t  
Nat ional  W i l d l i f e F e d e ra t i o n  

Dr . Dav i d  A .  K u h n  
D i rector 
Envi ronme n t a l  C on s e rva t i o n  
Conoco I n c . 

Dr . R i ch ard K .  Meye rs 
D i re c tor 
D i v i s io n  o f  E nv i ronme ntal  A f fa i rs 
Texaco I n c . 

John J .  Moon , Manage r  
Env i ronme ntal  a nd Cons ume r 

Prote c t i o n  D i v i s i o n  
Ph i l l i p s  P e t ro l e um Company 

Dr . J .  L i s l e  Re ed 
Manag e r  fo r Re f i n e ry P o l i cy and 

Long Range P la nn i ng 
Tos c o  Corpor a t io n  

J .  M .  R i ek e r  
E nv i ronme n t a l  A s so c i a t e  
Mob i l  O i l  C o rpora t io n  

H .  A .  T rue , I I I  
V i c e  P r e s id e nt 
True O i l  P ur ch a s i ng C ompa ny 
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COORDINAT ING SUBCOMMI TTEE 

S P E C I AL AS S I STANTS 

H .  C .  Amb ros i u s  
Area Coord i na to r  
D i v i s i on o f  E nv i ronme n t a l  A f fa i rs 
Texaco I n c . 

R i ch a rd A .  Cons t ab l e  
S e n ior Cons u l ta n t  
Env i ronme ntal  A f fa i rs/Energy 

Cons erva t ion 
S u n  Compa ny , I nc .  

Dr . Carol E .  Cumm i ng s  
S t a f f  Ecolog i s t  
S t a nd a rd O i l  Compa ny ( I nd i an a )  

John H .  Freema n 
Prod u c t  Qu a l i ty S pe c i a l i s t  
S un Company , I n c . 
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J ame s F .  G r u t s c h , D i re c to r  
Env i ronme n tal T e ch n o l og y  
S tand a rd O i l  C ompany ( I nd i ana ) 

S am R i g g s , J r . 
S e n i o r  A t to r ney 
S u nmark E x p l o ra t i o n  C ompa ny 

C .  w. S i egmund 
S e n i o r  E ng i ne e r i ng Ad v i so r 
E x x o n  Re s e a r ch a nd 

Eng i ne e r i ng C ompany 

Hayde n  J .  S i l v e r , J r . 
Technolog i s t  
D i v i s ion o f  E n v i ronme n t a l  A f f a i rs 
Texaco I n c . 



NAT I ONAL PETROLEUM COUNC I L  

A I R  QUAL I TY TASK GROUP 
OF THE 

COMMITTEE ON 
ENVI RONMENTAL CONSERVAT I ON 

CHA I RMAN 

Dr . w. J .  Coppo c 
Con s u l ta n t  
Te xaco I n c . 

GOVERNMENT COCHAI RMAN 

Lawr e n c e  D .  Car t e r  
Env i ronme n ta l Po l i cy D i v i s io n  
Of f i c e  o f  Env i ronme n ta l  Prog rams 
u . s .  Depar tme n t  of Energy 

SECRETARY 

Pe te r J .  Cove r , Con s u l t a n t  
Na t iona l Pe trole um Counc i l  

Joh n J .  Ad ams , Esqu ire 
Hun ton & Wi l l i ams 

Paul Ba i l ey 
Ed i son El e c tr i c  Ins t i t u te 

He rbert w. B r uch 
Te chn i c a l  Di re c to r  
Na t iona l Pe t ro l e um Re f iners 

As so c i a t ion 

Dr . Frank Ch apman 
Manager 
Envi ronme n t a l  and 

Energy Con s e rv a t ion 
At l a n t i c  Ri ch f i e l d  Company 

I v an H .  Gi lman 

* 

Direc to r - Env i ro nmen t a l  Af f a i r s  
S t and a rd Oi l Company o f  

Ca l i for n i a  

Howard E .  He s s e l berg 
Corpo r a te Vi ce Pr e s i d e n t  
Ethyl Corpora t ion 

* 
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C .  J .  ( Pe t e ) Hof fma n , Direc to r  
Env i ronme n t a l  S e rv i c e s  
Ch ampl i n  Pe tro l e um Comp any 

Dr . Vau n  N. New i l l 
As soc i a t e  Med i c a l  Di re c tor 

Ope r a t ion s 
Ex xon Co rpora t io n  

Da v id E .  Re i c h l e  
As soc i a t e  D i v i s i o n  Direc to r  
Env i ronme n t a l  Sc i e n c e s  Di v i s ion 
Oak Ridg e Na t iona l Labora to r y  

Joh n  G .  Robe r t s , Jr . 
Manag e r  
Pro j ec t  Deve lopmen t 
Sun Ga s Company 

Ge rald F .  Stof f l e t  
As s i s t an t Direc to r 
Au tomo t i v e  Em i s s i o n  Con t r o l  
Env i ronme n t a l  Ac t i v i t ie s  S ta f f  
Ge ne ral  Mo to rs Te c h n i c a l  Ce nter 



NAT I ONAL PETROLEUM COUNC I L  

WATER QUAL I TY TASK GROUP 
OF THE 

COMMI TTEE ON 
ENVI RONMENTAL CONSERVAT I ON 

CHAI RMAN 

J .  M .  Ri eker 
E nv i ronme n t a l  A s so c i a t e  
Mob i l  O i l  Corpo r a t i o n  

GOVERN MENT COCHAI RMAN 

Eug e ne P .  K rug 
E nv i ronme n t a l  Pol i cy D i v i s i o n  
Of f i c e  of E n v i ronme n t a l  Prog rams 
u . s .  Depar tme n t  o f  Ene rg y  

S ECRETARY 

P e t e r  J .  Cove r ,  Cons u l t a n t  
Na t ional Pe tro leum Cou n c i l  

* 

D .  P .  As h ,  Ma nag e r  
Gove rnme nt a nd I nd u s try Re lat ions 
Mar i ne Depa rtme nt 
Gulf  Tra d i ng a nd Transpo r t a t ion 

Company 

J ame s W .  Co l l i n s , Ma nag e r  
E nv i ronme n t a l  A f fa i rs 
Energy Conse rva t io n  & S a fe ty 
Energy Re source s Group 
C i t i e s  S e rv i c e  Company 

K e nt G .  Drummond 
Sen ior Te chn i c a l  Coord i na tor 
Corporate R i sk and 

Env i ronme n t a l  A f fa i rs D i v i s ion 
Mara thon O i l  Compa ny 

Rob e rt L .  Gog g i ns , Manag e r  
E nv i ronme n t a l  Comp l i ance 
Ami no i l  USA , I nc . 

R i c h a rd w .  Ladd 
Profe s s ional Spec i a l i s t  
A i r  and Wa ter Conse rva t ion 
G e t ty Re f i n i ng a nd 

Marke t i ng Company 

* * 

Dr . C .  D .  McAul i f fe 
S e n i o r  Re s ea r c h  As soc i a t e  
Chevron O i l  F i e l d  Re s e a rch Compa ny 

John A .  Que e n , D i r e c t o r  
Envi ronme n t a l  Af f a i r s 
Conoco I n c . 

R .  E .  S a nd s , Manag e r  
Ope r a t ions  a nd Pro d u c t s  Moveme n t  
Explorer P i pe l i ne Company 

W i l l i am A .  T e l l i ard 
Branch Ch i e f  
Energ y  and M i n i ng B ra n ch 
E n v i ro nme n t a l  Prote c t i o n  Age ncy 

Ron al d  v .  W i l l e nb r i nk ,  D i re c to r  
Envi ronme n t a l  A f fa i rs a nd 

Ene rg y  U t i l i z a t ion 
As h l a nd O i l , I n c . 

SPEC IAL ASS I STANT 

CPT Charles  R .  Co rb e t t , Ch i e f  
E n v i ronme n t a l  Re spo n s e  D i v i s ion 
U . S .  Coa s t  Guard 
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NAT I ONAL PETROLEUM COUNC I L  

LAND US E TASK GROUP 
OF THE 

COMM I TTEE ON 
ENVI RONMENTAL CONSERVATI ON 

CHAI RMAN 

H a ro l d  F .  E l k i n ,  D i rec to r  
Env i ronme n t a l  A f fa i rs /  

E n e rgy Conse rva t io n  
S u n  Company , I n c . 

GOVERNMENT COCHAI RMAN 

S u z a nne We l lb orn 
E nv i ronme n t a l  Po l i c y  D i v i s ion 
Of f i c e  o f  Env i ronme n t a l  

Programs 
u.s. Depa rtme n t  of E n e rg y  

SECRETARY 

J o a n  Wal s h  Cassedy 
C omm i t t e e  Coord i n a to r  
N a t ional Pe troleum Coun c i l  

* 

R i c h a rd H .  Baue r ,  D i rector 
Wash i ng to n  Af fa i rs - Pe t ro l eum 
Un ion Pac i f ic Corpo r a t ion 

Dr . E .  Fred B i rd s a l l  
D i r e c tor o f  Adm i n i s trat i on & 

Pe rsonnel 
Conoco I nc . 

Wi l l i am E .  Block , J r . 
Attorney 
Amoco Prod u c t ion C ompany 

Dav i d  M .  B urne t t  
Reg u l a tory Coord i n a to r  
Chand ler & Assoc i a te s , I n c . 

R i ch ard A .  Cons t ab le 
S e n i or Cons u l t a n t  
Env i ronme n t a l  A f fa i rs/ 

Energy Cons e rv a t ion 
S u n  Compan y ,  I n c . 

M i l to n  Copulos 
Ene rg y  Ana l ys t  
H e r i tage Found a t i on 

Edward H .  Forg o t so n , E squ i re 
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APPEND I X  D 

COMME NTS ON 
SYNTH ET I C  FUELS AND TH E ENVI RONMENT 

PREFACE 

Th i s  report was prepared in response to the S e cre t a ry o f  E ne r­
gy ' s  reques t tha t the Nat ional Pe trol eum Counc i l  ( NPC ) upd a t e  i ts 
1 9 7 1 report ent i tled  Env i ronme n t a l  Con s e rv a t ion -- The O i l  and Gas  
I nd u s t r i e s  ( se e  Appe nd i x  A ) . S ynthe t i c  fue l s  i nd u s t ry proc e s s e s  
we re , o f  c our s e , not d i s c u s s ed i n  t h a t  repo r t . 

The NPC recog n i z e s the impo r t ance of i n c l u d i ng syn the t i c  f ue l  
( synfue l ) operat ions i n  th i s  upd a te . The n a t i on i s  o n  the  verge o f  
a new e nergy e ra ,  i n  wh ich a l t erna te sources w i l l  b e g i n  i nc r e a s­
i ng ly to replace conve n t ion a l  o i l  a nd g a s  s uppl i e s . The pe t ro l e um 
i nd u s try , wi th i t s  e s tab l i shed technolog i c a l  b a s e  and f ac i l i t ie s , 
w i l l  p l ay a key ro le i n  the developme n t  o f  t h e s e  a l t e rn a t e  sourc e s  
a nd wi l l  h ave to de al w i th t h e  a s so c i ated e nv i ronme n t al p rob lems . 

The NPC a l s o  recog n i z e s t h a t  the syn th e t i c  f ue l s  i nd u s try i s  
j us t  e n te r i ng the comme r c i a l i z a t ion s t age ; there fore , a n  overa l l  
a s s e s sme nt of th i s  rap id ly ch ang i ng i nd u s try c o u l d  not e a s i l y  b e  
accompl i s h ed w i th i n  the  s ame t ime s pa n  a l l ot te d  for a n  a s s e s sme n t  
o f  the mature conve n t i onal pe troleum i nd u s try .  Thus , t h i s  appe nd i x  
i s  not i n t e nded to s e rve a s  a c ompre h e ns i ve d e s c r i p t ion o f  the  
impact o f  the  synthe t i c  f ue l s  i nd u s try o n  the envi ronme n t , nor o f  
t h e  i mpa c t s  of e nv i ronme n t a l  l eg i s l a t ion and r e g u l a t ions on t h e  
i nd u s try . Ra th e r , i t  s e e k s  t o  l ay the  g roundwork for any f u t ur e  
stud i e s  on th i s  s ub j e c t  wh i ch may b e  unde rtake n . S pe c i f ic a l l y , the 
appe nd i x : 

• I d e n t i f i e s  the pr i nc i pa l areas o f  c on ce rn w i th respect to 
syn f ue l  d e ve l opme nt 

• Cons ide rs the pr i n c ipal  analys e s  on the  s ub j e c t  

• Pre sents re comme nd a t ions for improveme n t s  i f  s im i l a r  
analys e s  are und e r t ake n i n  t h e  fu ture . 

The NPC ' s  analys i s  i s  b a sed on a rev i ew a nd a s s e s sme n t  o f  th e 
a s s umpt ions , me thodol og y ,  a nd conc l u s ions o f  th e J u n e  1 9 8 0  u . s .  De­
partme n t  o f  Energ y  ( DOE ) repor t  e n t i tl ed Synthe t i c  Fue l s  and the 
Env i ronme n t , a r e c e n t  c ompreh e ns ive repo r t  e va l u a t i ng the e n v i ron­
me ntal  concerns as soc i a ted w i th syn f ue l  d ev e l opme n t . Wh i l e  a n  
e x t e ns i ve l i t e ra ture s e a r ch was cond ucted a nd other repo r t s  were 
eva l u a ted , none we re found to h ave the depth and wide cove rage o f  
t h e  DOE report . The NPC recogn i z e s  t h a t  any report o n  a r ap id l y  
deve l op i ng i nd u s try i s  q u i ck l y  r e nd e red ou t o f  d a te b y  c h a ng e s  i n  
techno l ogy , regu l a t ions , a nd othe r fac tors . The Counc i l  b e l i ev e s , 
howeve r ,  t h a t  a rev i ew a nd a s s e s sme n t  of the  DOE e f fo r t  c a n  i d e n­
t i fy a re a s  o f  i mproveme n t  i n  o rgan i z a t i on , d a t a  co l le c t ion , a nd 
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analys i s  t h a t  may b e  h e l p f u l  i n  future a s s e s s me n t s . I t  i s  to th i s  
e nd that th i s  appe nd i x  i s  pre sented . 

SUMMARY AN D CONCLUS I ONS 

The Counc i l  de t e rm i ned t ha t , in g e ne ra l , the DOE repo r t  S ynthe­
t i c  Fue l s  and the  Env i ronme nt pre sents a u s e f u l , ob j e c t i ve a n a l ys i s  
o f  the impact o f  syn f ue l  deve l opme nt upo n  the e n v i ronme nt , a nd the  
concurre n t  impact of  e nv i ronme n t a l  r eg u l a t ions o n  the r a t e  and 
e x t e n t  o f  i nd u s try d e ve l opme n t . Howeve r ,  in l ig h t  o f  the  rap id l y  
e vo l v i ng t e chno l og i e s  a nd changes i n  l eg i s l a t i ve a nd r e g u l a tory 
contro l s , th e re i s  no d oub t that the DOE repo r t  i s  d a ted . C e r t a i n  
s ub j e cts were om i t t ed o r  i ns u f f i c i e n t l y  covered i n  the  DOE repor t ,  
i nc l ud i ng : 

• The role o f  s t a t e  a nd loca l  gove rnme n t s  

• E nv i ronme n t a l  rese arch cond ucted b y  i nd u s tr i al lab o r a to r i e s  

• T h e  compa r a t i ve envi ronme ntal impa c t s  o f  syn t h e t ic f ue l s  
r e l a t i ve to t h e  conve n t i ona l pe tro l e um i nd u s t ry a nd o t h e r  
i nd u s t r i e s  

• H uman h e a l t h  concerns and pro t e c t ive m e a s u re s . 

Wi th respe c t  to b road i s s u e s  r a i sed b y  t h e  DOE repo r t , t h e  NPC 
concl uded th a t :  

• A l l  synthe t i c f ue l  d e v e l opme n t  i s  i mprope r l y  d i v i d e d  i n to 
two t ime frame s : r e s e a rch a nd dev e l opme n t  ( R& D ) from 1 9 8 0  
t o  1 9 8 5 , a nd c omme r c i a l i za t ion from 1 9 8 5 t o  1 9 9 0 . I n  fac t ,  
the t ime t ab le w i l l  vary wide l y  among t h e  va r i o u s  syn f ue l  
t e chno l og i e s . 

• The repo r t  c o rre c t l y  s ta t e s  t h a t  f i rs t  g e n e ra t i on p l a n ts 
req u i re c l ose e nv i ronme ntal  s c ru t i ny .  Howev e r ,  t h i s  g r e a t e r  
know ledge s ho u l d  b e  u s ed n o t  o n l y  to a s s ure the  adequacy o f  
e n v i ronme n t a l  controls , b u t  a l s o  to avo id u n n e c e s s a r i l y  
severe con t ro l s . 

• The DOE repo r t  s ta t e s  that new ma j or r eg u l a to ry cons t ra i n ts 
a re u n l i ke l y  to eme rge . Wh i l e  th i s  may b e  true , t h e  DOE 
repo r t  ove r l ooks the cum u l a t ive e f fe c t  of numerous smal l ,  
s i t e - s pe c i f i c  cons tra i nt s , wh i c h  c a u se l e ng thy d e lays . The  
NPC b e l i e ve s  tha t the DOE report ' s  e s t i ma t e s  of  24  t o  3 6  
mo nths  fo r pe rm i t  acqu i s i t ions are ove r l y  op t im i s t ic . 

• The DOE repo r t  impl i e s  that sma l le r  p l a n t s  a r e  more advan­
t ageou s than l a rg e r  s c a l e  plan t s . Th i s  i s  n o t  n e c e s s ar i l y  
true . Th e re w i l l  b e  many c a s e s  wh ere l a rg e  p l a n t s  of fe r 
c os t  a nd con trol advantages  ove r smal l p l a n t s . 
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Wi th respe c t  to s pe c i f i c  techno l og i e s , t h e  NPC found t h e  fol­
low i ng pr i nc ipal areas of d i s agre emen t :  

• I n  the c a s e  o f  o i l  s h a l e , the DOE report i mprope r l y  g roups 
the va r i ou s  techn ique s toge ther , a l though e a ch of the m i n i ng 
and pro c e s s  opt io n s  h a s  un ique e nv i ronme n t a l  c h a ra c te r i s­
t ic s . The s e c t ion on the d i spo s a l  o f  spe n t  s h a l e  d o e s  not 
adequa t e l y  acknow l ed ge the large amou n t  of r e s e a r c h  con­
d u c t ed on th i s  sub j e c t  nor the current s t a t e  o f  knowl e d ge . 
The DOE repo r t  a l so i nd i c a t e s  tha t z e r o  was t ewa t e r  d i s ­
ch arge w i l l  b e  ge neral ly prac t i c a l . Al t hough i t  w i l l  b e  
pract i c a l  i n  s ome i ns tance s ,  pra c t i c e s  w i l l  v a ry f rom pro­
j e c t  to proj e c t . 

• I n  d i sc u s s i ng coa l conve rs ion , t he DOE repo r t  ag a i n  improp­
e r l y  groups d i s pa r a t e  te chnolog i e s . Coal  g a s i f i c a t ion a nd 
a s so c i a ted i nd i re c t  l ique f a c t ion proce s s e s  d i f fe r  g r e a t l y  
from d i r e c t  c o a l  l ique f a ct ion . 

• The DOE repo r t  p l a c e s  und ue emph a s i s  on a l coho l s  d e r i ved 
from b i oma s s  a nd u rb a n  wa s te conv e rs ion . Th e f u ture prod uc­
t ion of a l coho l s  from t h e s e  proc e s s e s  could be dwarfed  b y  
the amo u n t  o f  a l coho ls and al cohol - d e r i ve d  f ue l s  ma nu fac­
t ured by coal ga s i f i ca t ion , wh i ch d e s e rve g re a t e r  a t te n t ion . 
The e nv i ronme n t a l  imp a c t s  of b i oma s s  a nd u rb a n  w a s te conv e r­
s ion are a l so d i s s i m i lar a nd s hould b e  trea ted s epa r a te l y . 

The fo l l owi ng f i nd i ng s  i nvol ve e nv i ronme n t a l  i s s ue s  c ommon to 
a l l  syn f ue l  t ech n o l og i e s : 

• Worke r s a fe ty a nd h e a l th prob l ems h ave b e e n  s tud i ed f a r  mo re 
e x t e ns i ve ly than is  i n d i cated in  the DOE report . M a ny o f  
t h e s e  prob lems h ave al read y b e en e n counte red a nd contro l led 
by e x i s t i ng i nd u s try pract i c e s , a nd othe rs un ique to the 
synth e t i c  f ue l s  i nd u s try a re b e i ng c a re f u l l y  i nve s t iga t ed b y  
i nd u s t ry , gove rnme n t , a nd othe r groups , n o t ab ly the N a t i o n a l  
I n s t i t u t e  for Occupa t ional S a f e ty a n d  H e al t h .  

• Al though the repo r t  recog n i z e s  the impo r t ance o f  soc i o­
e conom i c  q u e s t ions , i t  fa i l s  to recog n i z e  the  e f fo r t s  mad e  
b y  i nd u s try t o  a l lev i a te so c i o- e conom i c  impac t s  o f  d e v e l op­
me n t . 

• The DOE repo r t  a t t empted a compre h e ns i ve , reg i o n a l  a n a l ys i s  
o f  al l f a c tors a f fe c t i ng s i te s e l e ct ion . A l t hough i t  pro­
v i des a u s e f u l  i ns ig h t  i n to the c ompl e x  prob l ems i nvol ved , 
i t  proj e c t  a n  u nwarranted degree of prec i s io n . Too ma ny 
unce rta i n t i es ex i s t  to al low me a n i ng f u l  conc l u s ions  to b e  
drawn , e spe c i al ly i n  the are a o f  a i r  impac t  a n a l ys i s  wh ere 
no gene r al l y  app l i c ab l e mod e l s  e x i s t . 

• The NPC b e l i e ves t h a t  the s t a ndards t h a t  appl y to conven­
t ional p l a n t s  s ho u l d  a l s o  b e  appl i ed t o  syn f u e l  f ac i l i t i e s . 
The cho i c e  o f  pro j e ct - s pe c i f i c  control t e chno l og y  i s  a 
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comp l e x  f un c t ion o f  many i nd i v i d ua l  f a c to rs . Du r i ng t e ch ­
no l ogy d e ve l opme n t , e f fe ct i ve u n i form pe r fo rmance s t andards  
wou ld b e  d i f f i cu l t  to  deve l op .  C a se b y  c a se e ng i n ee r i ng 
rev i e w  a nd a s s e s sme n t  o f  con tro l pe r forma nce a cceptab i l i ty 
has b e e n  a n  e f fe ct ive part of the c u r r e n t  r eg u l a to ry sys tem . 

• The DOE repo r t  corr e c t l y  s ta t e s  t h a t  b i o l og i ca l  mo n i to r i ng 
and h e a l th e f fe c t s  te s t i ng w i l l  b e  n e c e s s a ry for s yn th e t i c  
f ue l  deve l opme n t . Howeve r ,  t h e  l a rge amo u n t  o f  such work 
a l r e ady c omple t ed or und e r  way is not recogn i z ed . I n  ad d i ­
t ion , the m i t ig a t i ng e f fe c t s  o f  prod u c t  upg r ad i ng o n  tox­
i c i ty are not ment ioned in the DOE repor t .  

Wh i le the n e e d  for ad d i t ion al repo r t s  a t  th i s  t ime i s  q u e s ­
t ioned , the  N P C  recomme nd s tha t , s hou l d  ad d i t i o n a l  repo r t s  b e  
u nde r t ake n , the scope o f  the an alyse s b e  b r i e fe r , i s s ue -o r i e nt ed , 
o r  s i te - s pe c i f i c , r a th e r  than al l- i nc l u s ive . Sepa r a t e  a n a l y s e s  
wou ld a vo i d  the trea tme n t  o f  d i s s im i l a r  prob l ems a s  equ a l l y  c r i t i ­
c a l , and a c l e a r e r  knowledge wou l d  b e  ga i n ed o f  the part i c u l a r  
need s o f  e ach t e chnolog y .  

I mproved d a t a  sources now e x i s t , ma ny o f  them s i te- o r  pro c e s s ­
spe c i f i c .  T h e s e  sou r c e s  i nc lude pr i v a t e  r e s e a rch , p e rm i t  appl i c a­
t ions , mon i tor i ng i n forma t ion , a nd g overnme n t  repo r t s . U t i l i z i ng 
ava i l ab le s i te-spe c i f ic d a t a  i s  recomme nd ed a s  i t  wa s ob s e rved t h a t  
many , i f  n o t  a l l , o f  the  impa c t s  o f  s y n f u e l  d e ve l opme n t  w i l l  b e  
f e l t pr ima r i l y i n  the s ta t e  and local commun i t i e s  wh e r e  the f ac i l ­
i t i e s a r e  l oca t ed . A t t empt s  to· accommodate tpe c ommun i t i e s  i n­
vo l ved re s u l t  i n  d i f fe r i ng pe rm i t t i ng t ime s a nd cond i t ions , l e v e l s  
o f  pub l i c ac c eptanc e , type s o f  e nv i ronme n t a l  c o n t ro l s  needed , a nd 
soc i o- e conom i c  impa ct s . 

COMMENTS ON THE DOE REPORT 

DOE Repo r t  Con t e n t  a nd Coverage 

Prepa r i ng a c ompre h e ns i ve r e v i ew o f  a l l  e nv i ro nme n t a l  i n forma­
t io n  a nd i s sues  for s uch a w i d e spr e ad a nd r ap id l y  e vo l v i ng f i e l d  a s  
synfue l s  d e v e l opme n t  i s  a mo nume n t a l  task . The  DOE d ocume n t  a t ­
tempted to r ev i ew e nv i ronme ntal  concerns a n d  t he e f fe ct of e nv i ­
ronme n t a l  reg u l a t ions  o n  the rate  o f  syn f u e l s  d e v el opme n t . T hrough 
no fau l t  of i t s prepa re rs , the  DOE r epor t  is  a l re ad y  d a t ed . Mu ch 
r e l eva n t  data have b e e n  d e ve l oped s i n c e  t h e  DOE repo r t  was pub­
l i shed in June 1 9 8 0  by cont i nu i ng e nv i ronme n tal re s ea rch a nd con­
trol t e chnol ogy d e ve l opme n t . In add i t ion , r eg u l a t i o n s  have b e e n  
i s s ued o r  i n t e rpre ted a nd pe rm i t t i ng a c t i v i t i e s  have prog r e s se d  
s i nce  the  repo r t  was pub l i sh ed . Ob v i ou s l y , a l l  q u e s t ions  h ave not 
b e e n  answe red or eve n ide n t i f i ed . New prob lems c a n  a r i se fo r b road 
techn o l og i e s  or s pe c i f i c  pro j e ct s . S ome e nv i ronme n t a l  i s s ue s  d i s ­
c u s sed i n  t h e  repor t  a s  uncerta i n t i e s  h ave b e e n  r e s o l ved ; o t h e rs 
h ave b e c ome more foc u s ed . 
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The DOE repo rt a l s o  cove rs i ns u f f i c i e n t l y  o r  om i t s e n t i re l y  
su ch a r e a s  as : 

• The deve l opme n t  of tar  sands 

• The role o f  s ta t e  a nd local  gove r nme n t s  in the s e t t i ng of 
s ta nd a rd s  o f  a c ceptab i l i ty ,  p e rm i t t i ng a nd mon i to r i ng of 
compl i ance , cond uct o f  re search , a nd , mos t i mpor tan tl y , the 
rec e ipt , b a l a nc i ng , a nd impleme n t a t i o n  o f  the pub l i c ' s  con­
c e r ns for synfuel  developme n t  

• T h e  sub s ta n t i a l  pr i vate research on e nv i ronme n t a l  i s s ue s  
found i n  pub l i c  l i te ra ture , i n  pe rm i t  appl i c a t ions and 
he a r i ng s  on syn f u e l  pro j e c t s , and ava i l ab l e  t hrough d i re c t  
d i s c u s s ions w i th i nd u s try r e s e a rch ers 

• C ompa r i sons o f  syn f ue l  t e chnolog y  a nd e n v i ronme n t a l  r e s i ­
d u a l s  to s im i l a r  e x i s t i ng a c t iv i t i e s  and i mpa c t s , p l a c i ng 
th i s  i nd u s try i n  pe rspe c t i ve . ( E xamp l e s  o f  comparab le 
proc es s e s  e x i s t  i n  pe tro l eu m  re f i n i ng a n d  tra nspor t a t ion , 
coal e x t r ac t ion , a nd e l e ct r ic u t i l i t i e s . )  

DOE Repor t ' s  V i ew o f  the Synthe t i c Fue l s  I nd u s try 

Four i s sues i n  th i s  area d e s e rve c omme n t : technolog y ,  d e g r e e  
o f  contr o l , h e a l t h  concern s , a n d  loc a l  i s s ue s . 

Technology 

Due l a rgely to the federal  synfuel  d e ve l opme n t  po l i c y  at the 
t ime o f  the DOE repo r t , the docume n t  i mprop e r l y  d i v i d e s  al l syn­
fuel developme n t  a nd c omme r c i a l i z a t ion i n to two d i s c rete s tages : 
one emphas i z i ng appl i ed R& D ,  i nc l ud i ng e nv i ronme n t a l  r e s e a rch ; a nd 
a se cond s tage repre sen t i ng commerc i al d e p l oyme n t . A l s o , the 
repor t  a s s igns the two s tage s ( fo r  a l l  syn f ue l  t e ch no l og i es ) to 
spe c i f i c t ime per i od s : R&D b e twe e n  1 9 8 0  and  1 9 8 5 , a nd d e p l oyme n t  
b e twe e n  1 9 8 5  a n d  1 9 9 5 . S u c h  s impl i f i c a t io n  i s  i ncor r e c t  a nd 
m i s le ad i ng . C omple t ion o f  R&D , c u lm i na t i ng i n  c omme r c i a l i z a t io n , 
c annot b e  sched u l ed t h a t  prec i s e l y .  I n  ad d i t io n , t he t im i ng o f  
comme r c i al deployme n t  depe nd s a l so on the type o f  pro c e s s  a nd i t s 
loca t ion . For some syn f ue l  t e chnolog i e s ( pa rt i c u l a r l y  g a so ho l  a nd 
low- B t u  ga s i f i ca t i o n ) ,  commer c i al i z a t i o n  h a s  a l re ad y  occ urred . For 
o thers , ye a rs o f  work rema i n . 

Degree of Con tro l 

The DOE repo r t  corre c t l y  s tates t h a t  the e nv i ronme n t al c h a rac­
te r i z a t ion of the f i rs t  comme r c i a l  plant t o  u se e a ch new t e chnology 
w i l l  req u i re a n  e x t r a  leve l of s c ru t i ny .  Th i s  b e t t e r  und e rs t a nd i ng 
should b e  u sed , howeve r ,  not on l y  to a s s ure t h e  a d equacy o f  e n v i ­
ronme n t al con trol s ,  b u t  a l s o  t o  avo i d  u n n e ce s s ar i l y seve re c on­
tro l s , wh i ch could  d oom an otherw i s e  v i ab l e t e c h no l ogy . B a s i c a l l y , 
new syn f ue l  t e chnolog i e s  shou ld b e  reg u l a ted t o  t h e  s ame leve l o f  
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h a z a rd red uc t ion and po l l ut ion control a s  are  req u i red f o r  new c on­
ve n t iona l p l a n t s . 

Hea l th Conce rns 

An area o f  con c e rn that is not ad dressed in the DOE report i n  
rel a t ion to i t s impo r tance i nvol ve s  the h e a l t h  aspe c t s  a s s o c i a ted 
w i th synfuel  d e ve l opme n t . There may be s ome po te n t i a l  ad ve rse h u ­
ma n heal th e f fe c t s  a s soc i a ted w i th part i c u l a r  a s pe c t s  o f  syn f ue l  
pro d u c t s  a n d  proces s e s . There fore , the importa nce o f  s a fe h a nd l i ng 
proced ures , tox i c i ty te s t i ng ,  a nd /or h a z a rd eva l u a t ions  shou l d  b e  
exp l i c i t l y  recogn i z ed .  Howeve r , as i n  the c a se of e n v i ronme n t a l  
contro l s  a nd mo n i to r i ng d i s c u s sed ab ove , i t  i s  not rea sonab le or 
appropr i a te to apply more b urde nsome s tandards o f  s a fe ty to s y n f ue l 
prod ucts  a nd proce s se s  than those appl i ed t o  e x i s t i ng p rod u c t s  and 
i nd u s tr i e s . S im i l a r l y , the c os ts o f  t h e s e  s a fe ty and h e a l th pro­
g rams wi l l  a l s o  have a s ign i f i c a n t  impact on the v i ab i l i ty o f  
synfuel deve lopme n t . 

Loc a l  I s sue s 

I n  d e f i n i ng e n v i ronmen tal cons tra i n ts to the d e ve l opme n t  of 
synth e t ic f ue l s  i nd u s tr ies , the DOE repo rt proj e c t s  no ma j or new 
reg u l a tory cons tra i n ts . Wh i l e  th i s  may be t rue , the repo r t  over­
l ooks an even more s e r ious  prob lem . I t  i s  l ike l y  t h a t  nume rous 
smal l d e l ays w i l l  con t i nue to a r i s e a t  each  spe c i f i c s i te ,  wh i c h , 
t aken tog e the r , w i l l  res u l t  i n  a ma j or proj e c t  cons t ra i n t . These 
local or reg ion a l  prob lems often i nvol ve env i ro nme n t a l  i s s ue s , b u t  
a re a l s o  i nt e rtw i ned w i th soc i o- e conom i c , f i n a nc i al , a nd pol i t i c a l  
i s s ue s  a s  we l l ,  i n c r e a s i ng t h e  d i f f i c u l ty o f  s a t i s f a c tory reso­
l u t i o n . 

Technolog i e s  a nd Env i ronmental  I s sues 

Oil  Shale 

Overv i ew of  DOE Repor t  Cove rage . The s umma ry of  o i l  s h a l e  
te chnology i n fo rma t ion a nd e nv i ronme n t a l  i s s u e s  i n  the DOE repo r t  
i s  g e n e ra l l y c ompl e te . Howeve r ,  cert a i n  d i sc u s s ions are  ove r l y  
s imp l i s t i c  a nd opi n ions  regard i ng some e nv i ro nme n t a l  c o n c e r n s  a r e  
uns ub s ta n t i a ted . S pe c i f ic conce rns i d e n t i f ied b y  the NPC a re 
pre sented i n  the fo l l owi ng s e c t ions . 

Proc e s s  Technolog i e s . At s ever a l  po i n t s  i n  the documen t ,  o i l  
shale  technolog i e s  are grouped toge the r . S uch g ro up i ng i s  not 
a lways appropr i a t e . I t  is important to r ememb e r  that t h e re are 
many ways to m i ne a nd/or proce s s  shale . The s tage o f  d e v e l opme n t  
a nd e nv i ronme n t al characte r i s t i c s  ca n va ry s ub s t a n t i al ly for e a c h  
technolog y .  Fo r e xampl e , the b r i e f  g e neral  proc e s s  d e s c r i p t i on 
prov i d ed for " Mod i f i ed I n- S i t u  O i l  S h a l e "  appea rs a c t u a l l y  to 
i n c l ude true in s i t u  proce s se s  as we l l ,  s i nce the l a t t e r  are  not 
spe c i f i c a l l y  c ove red e l sewh e re . Some c la r i f i c a t i on a nd b e t te r  
d e s c r i p t i ons o f  t h e  d i f fe re n t  proc e s s e s  a re needed h e re . Also , 
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prod uct trea tme nt needs  c annot b e  genera l i z e d  for a l l i n  s i tu 
prod uced s h a l e  o i l s  nor for a l l  s u rface r e to r t  prod uc t s . 

Pol l u t i o n  Con trol Opt ions . The repo r t  h i g h l i g h t s  s pe c i f i c  po l ­
l u t ion control sys tems . I n  t h i s  type o f  d i scu s s ion i t  s ho u l d  b e  
noted c le a r l y  that  the c ho ice o f  the ''b e s t "  po l l u t i on con trol sys­
tem i s  a comp l e x  f un c t ion of the spe c i f i c  t e ch no l og y ,  proj e ct s i z e , 
operat i ng me t hod s , a nd sh a le re source . The a c t u a l  s e l e c t i on s h o u l d  
b e  part of t h e  plan t d e s ign phase . T h e  va r i ab i l i ty t h a t  c ou l d  oc­
cur i n  choos i ng the b e s t  po l l ut ion con tro l s ys t em s h o u l d  b e  s ta ted . 
For example , t h e  DOE repo rt impl i e s  t h a t  the S tr e t ford proc e s s  i s  
the only ava i l ab l e mea ns o f  s u l f ur emi s s i on c o n t ro l s . I n  f ac t ,  
there are seve ral control op t ions ; S tr e t ford i s  only one o f  seve ral  
demons tra ted con trol me t hod s . I n  ma ny proc e s se s , t h e  re tort o f fgas 
wi l l  be ox i d i z e d  to recove r s e ns ib le heat a nd h e a t  o f  c omb u s t io n . 
Th i s  w i l l  trans form hydrogen s u l f ide to s u l f u r  d io x id e , a l l ow i ng 
use of any o f  a numb e r  of f l ue gas s c rubb i ng proce s se s . 

Sur face D i spo s a l  o f  Proce s sed S ha l e . T h e  d i sc u s s i o n  o f  spe n t  
shale  d i spos a l  impl i e s  t h a t  l i t t l e  o r  n o  work h a s  b e e n  c omple ted 
i n  th i s  area . Ac t ua l ly ,  for some o f  the mo re ad va nced proj e ct s , 
cons ide rab le re search and  s pe c i f i c reg u la tory rev i ews h ave b e e n  
comple ted . Al s o , t h e  d i sc u s s ion i s  o u t  o f  d a te a s  t h e  g e n e ral 
reg u la tory tre a tme n t  o f  s pe n t  sha l e  h a s  changed s omewh a t  s i n c e  t h e  
DOE report was c ompl e ted . 

For some o f  the mo re ad va nced proj e c t s , s ha l e  s ample s  h ave 
unde rgone ye a rs of s tud y to ident i f y appropr i a t e  me t hod s to d e ­
pos i t ,  c ompa c t , c ove r , s e ed , f e rt i l i z e , a nd i rr ig a te t h e  d i spo s a l  
s i te t o  ma x i m i z e  phys i c a l , chemi ca l , a nd e colog i c a l  s tab i l i ty .  
Re search h as s hown t h a t  through prope r compa c t ion , a s tab le emb a nk­
me n t  can be cons t r u c t ed th a t , w i th prope r revege t a t ion , should b e  
perman�nt aga i ns t  a l l forese e ab le natural  f o r c e s . F u r t h e rmo re , 
s upe rcompa ct ion o f  the b ot tom few fee t c a n  preve n t  s e epage d i re c t l y  
into grou ndwa ters . Th i s  procedure , c omb i ned w i t h  d r a i nage con trols 
and re- u s e  o f  runof f ,  w i l l  prevent contami n a t i on of  s ur f a c e  and 
g roundwa te rs . Howe ve r ,  r e s e a rch and mo n i to r i ng prog r ams to da t e  
have d e a l t  wi t h  re l a t i ve l y  smal l quan t i t i e s o f  s h a l e  prod uced b y  
p i l ot a nd demo n s t r a t ion p l a n t s . Pe rme ab i l i ty ,  e ros i on , a nd o t h e r  
e f fe c t s  w i l l  r eq u i re c a r e f u l  mon i to r i ng a t  c omme rc i a l  s h a l e  s i te s .  
Mon i to r i ng a nd cu s tod i al c a re a re recog n i z e d  b y  t h e  i nd u s t ry a s  
i n tegral  a s pe cts  o f  c omme r c i al ope r a t ions , a nd w i l l  b e  c on d u c t e d  
du r i ng the ope ra t ion a nd con t i nued a f te r  the s i te i s  c los ed d own . 

On the reg u l a tory s id e , pend i ng a three-ye a r  h e a l t h  h a z a rd 
s t u d y ,  Cong r e s s  i n  1 9 8 0  e x empt e d  from Re source Con s e rv a t i on and 
Re cove ry Ac t o f  1 9 7 6  ( RCRA )  reg u l a t i ons a l l wa s te s  g e nera t ed f rom 
the e x tract ion , b e n e f a c t ion , and proc e s s i ng o f  o r e s  a nd m i n e ra l s . 
Spent s h a l e  and o t h e r  s h a l e - r e tort i ng r e l a ted wa s te s  a r e  c ove red b y  
t h i s  e xempt ion . Al though s ome s amp l e s  o f  spent  s h a l e  l e a c h a te h ave 
b e e n  tes ted a nd do not s how h a z ardous  c h a r a c t e r i s t i c s , i t  is too 
early to make a g e n e r a l  conc lus ion . 
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Wa ter Use  and D i sc h arge s . I n  the DOE repor t  s umma ry , i t  i s  
s t a ted t h a t  no ab s o l u t e  e nv i ronme n t a l  co ns t ra i n t  appe a r s  to e x i s t  
tha t wou l d  l im i t d e ve l opme nt o f  a part i c u l a r  t e c h n o l og y . Howev e r , 
" i n s i t u conve rs ion proc es s e s " are s a i d  to b e  among t hos e mos t  s u s ­
c ep t ib le to s uch a n  ab s o l u t e  cons tra i n t , d u e  to the po t en t i al f o r  
gro u ndwa t e r  c o n t am i n a t ion . I t  i s  not rea sonab l e  i n  th i s  c on t e x t  t o  
l ump toge the r a l l i n  s i tu proce s s e s . Thos e  proce s se s  g e n e r a l l y  
re ferred t o  a s  " t rue i n  s i t u "  may i nvol ve pre s s ur i z e d  i n j e c t ion o f  
f l u i d s  i nto a fract ured und e rground zone . I n  contras t ,  t h e  mod i ­
f i ed i n  s i tu s h a le o i l  e x tr a c t ion proc e s s  i s  c a rr i ed ou t w i th the  
proce s s i ng zone und e r  red uced pre s s ure ( le s s  than a tmo sphe r i c ) . 

Reg ard i ng wa t e r  u s e  a nd d i scharg e , the repo r t  s ta te s  that 
" under current pl ann i ng , o il sha l e  d ev e l ope r s  e nv i s io n  z e ro d i s ­
charge o f  the i r  wa s te wa te r . "  Th i s  i s  true  o n l y  for s ome proj e c t s . 
I t  wi l l  be wo rkab l e  wh ere m i ne wa ter i s  prod u c ed i n  manag e a b l e  
quan t i t ie s .  A t  t h e  Col o ny pro j ec t ,  for e x ampl e ,  wa s te wa te r  w i l l  
b e  treated and i n ternal l y  recyc l ed and re-u sed . Ru no f f  f rom i r r i­
ga t io n  o f  the spent  s h a l e  d i s po s a l  area a nd n a t u r a l  pre c i p i t a t io n  
w i l l  b e  c ap t ured and r e t a i ned i n  catc hment  are a s  f o r  u s e  i n  p l an t  
ope ra t ion s . No wa s t ewa t e r  d i sch arge to s ur f a c e  s tre ams i s  pl anned . 

I n  a mod i f i ed i n  s i tu r e to r t i ng f ac i l i ty ,  dewa t e r i ng of the  e n­
t i re m i n e  wou l d  n e c e s sar i l y  con t i nue unt i l  re to r t i ng ope r a t i on s  h ad 
c e a sed a nd t h e re was no f ur th e r  r i sk o f  po l l u t i o n  o f  g roundwa t e r  
from l e ach i ng o f  the  s pe n t  s h a l e . Wa ter trea tme n t  s y s t ems d e s i g ne d  
t o  al low r e- u se o f  m i ne a nd proce ss wa t e r  wou l d  con t i nue to prov i d e  
any n e c e s s ary t re a tme n t  t o  wa ter col l e cted i n  the  s pe n t  re tort s . 
Ma j or ob j e c t i v e s  wou l d  b e  to max im i z e  re- u se of wa te r , a nd t o  u s e  
re- i n j e ct ion a s  a pr imary means o f  d i s pos a l  o f  a n y  e x c e s s  w a te r .  

Work e r  H e a l t h  and S a fety . I n  the DOE repor t ,  i t  i s  s ta ted t h a t  
the  work e nv i ronme n t  i s  " l a rg e l y  un charac t e r i z e d " a nd t ha t  " c on­
tro l s  and proc e d u r e s  are not d e f i ned . " In f a c t , the ma j o r i t y  o f  
the occupa t ional r i sk s  t h a t  are asso c i a ted w i th o i l  s h a l e  deve l op­
me nt a r e  very s im i l a r  to those found i n  conven t io n a l  cons t ru c t ion , 
m i n i ng , a nd re f i n i ng a c t i v i t i es . Pos s ib le ad ve rs e e f fe c t s  w i l l b e  
e l im i n a t ed o r  m i t i g a t ed b y  proc ed ure s wh i ch h ave b e e n  prove n e f fe c ­
t ive i n  e x i s t i ng op e r a t ions . 

Oc cupa t ional  h az a rd s  i nc lude d u s t  and no i se expo s ure from mi n­
i ng , crush i ng , a nd ma t e r i a l s  h a nd l i ng ope ra t i o n s . I n co rpora t i on o f  
e ng i ne er i ng controls  a nd worke r i sola t ion i n  sound i ns u l a ted , a i r  
cond i t ioned , a nd a i r  f i l ter ed e n c l os ures when n e c e s s a ry w i l l  re d u c e  
occupa t ional expos ures t o  l e s s  than tho s e  spe c i f i ed b y  the  Oc c u pa­
t io n a l  S a fe ty a nd He a l th Act and the Mine S a fe ty and H e a l t h  A c t . 

The r i sk from any c a r c inogen i c  ma te r i a l s  i n  s h a l e  o i l  o r  i t s 
prod u c t s  w i l l  b e  con t rol led b y  appl y i ng t ec h n iq ue s  a l re ad y  p�ac­
t iced in  t h e  m i n i ng a n d  pe tro l eum i nd u s t r i e s . Wo rke r prote c t ion i s  
ma i nt a i ned b y  we l l- d e v e l oped i nd u s tr i al hyg i e ne proced u r e s  d e s i g n ed 
to prot e c t  empl oye e s  from e xpos ure to to x i c  ma t er i a l s . Prote c t ion 

D - 8  



o f  the ge neral p ub l i c  i s  ac compl i s hed through the proce s s i ng s tep s 
needed to conve rt raw ma te r i a l s  to f i n i sh e d  prod u c t s , wh i ch can 
red u ce the to x i c i ty o f  the prod uc t s . For e xampl e , d a ta a re ava i l ­
ab le tha t  i nd i cate  t h a t  the b iolog i c a l  a c t i v i ty o f  s h a l e  o i l  can b e  
red uc ed t hrough hyd rotrea t i ng . Thus , the e f fe ct o f  v a r i o u s  pro­
ces s i ng t e chn ique s on prod uct tox i c i ty i s  l i ke l y  to b e  a n  area  o f  
f urthe r s tudy . 

I nd u s try a nd gove rnme n t  h ave sponsored nume rou s  s tud i e s  to 
de t e rm i ne the h e a l t h  h a z a rd s  a s so c i ated w i t h  o i l  s h a l e  proc e s s i ng 
and the res ult i ng prod u c t s  and b y-prod uc t s .  T h e s e  s tud i e s  have 
been pub l i s h ed in s c i e n t i f i c j ourna l s  a nd b ooks and pre s e n t ed a t  
nume rou s sympos i a . 

Prod u c t  Ch arac ter i s t i c s . The DOE repor t  i nd i c a t e s  t h a t  b i o­
log i c al mon i tor i ng and  he a l th e f fe ct s  t e s t i ng w i l l  b e  a nec e s s a ry 
part of the deve lopme n t  o f  s h a l e  o i l  produc t s . The NPC ag r e e s  and 
recogn i z e s  the i mportance of s uch wo rk not o n l y  for s h a l e o i l  pro­
d u c t s  b u t  for a l l synthe t i c  f u e l s . I t  shou l d  be not ed , howeve r ,  
th at mu ch work i n  th i s  regard has a l re ad y  b e e n  c ompl e ted and  that 
more is  o ngo i ng o r  p l a nned . Groups th at h ave been i nvo l ved i n  
these prod u ct e v a l uat ions i n  ad d i t ion t o  pr i v a te i nd u s t ry i nc l ud e  
the Ame r i c a n  P e troleum I ns t i t u t e , t h e  Departme nt o f  the Navy , t h e  
Envi ronme n t a l  Prote c t ion Age ncy ( EPA ) , and DOE .  

S o c i o - Econom i c  I mpac t s . The DOE repo r t  i d en t i f i e s soc i o­
econom i c  1mpac t s  a s  ma j o r  concerns for o i l  s ha l e  deve lopme n t , a nd 
the NPC agre e s  w i t h  th i s  v i ew .  Un fort unat e l y , the e f forts  made b y  
i nd u s try to a l lev i at e  the so c i o-e conom i c  imp a c t s  o f  d eve l opme n t  
were n o t  adequa t e l y  recogn i ze d  i n  the report . S ev e r a l  o i l  s h a l e  
proj e c t s  h ave b e e n  d e s igned b y  the i r  sponsors a s  mode l s t o  demo n­
s trate the comme rc i al v i ab i l i ty of o i l  s h a l e  d e ve l opme nt a nd to 
prov ide conv i nc i ng , prac t i c a l  e v i d e nc e  of i t s  c ompa t ib i l i ty w i th 
the h ighes t s t a nd a rd s  o f  soc io-econom i c  plann i ng . For e xamp l e , i n  
1 9 7 4 , the Col ony Deve l opme n t commun i ty d e ve l opme n t  s ta f f  c ond u c ted 
exte n s i ve d i scuss ions  a nd neg o t i a t ions w i t h  G a r f i e ld County , 
Colorad o ,  o f f i c i al s  w i th respe c t  to appropr i a t e  zon i ng r e so l u t ion . 
A reso l u t ion was adopted i n  1 9 7 5  and ame nded i n  1 9 8 0  wh i ch approve s 
a m i xture of l a nd u se s  a nd rang e s  o f  hou s i ng de ns i t i e s  cons i s te n t  
w i th t h e  l o c a l  1 5 -ye a r  mas ter plan . T h e  re so l u t ion s hould e n ab l e 
Colony to prov i d e  adeq ua t e  hou s i ng a nd s u f f i c i e n t  f l e x ib i l i ty to 
react to any une xpe cted  i n c re a s e s  in empl oyme n t  popu l a t i o n  pro j e c ­
t ions a nd h a s  r e s u l ted i n  t h e  new p l a nned c ommun i ty o f  B a t t l em e n t  
Me sa . 

Coa l Gas i f i c a t i on and I n d i re c t  L iqu e fa c t i o n  

Overv i ew o f  DOE Repo r t  Coverage . Coal  g a s i f i c a t i on and  i n­
d i rect l iq ue f act i on technolog y  i s  unde rgo i ng rap id a nd s ub s tan t i al 
developme n t , i nc l ud i ng s ever a l  proc e s s e s  t h a t  a re i d e n t i f i e d  i n  the 
DOE repo rt . Th ere fore , some o f  the proce s s  l im i t a t ions d e s c r ib e d  
i n  the report a r e  n o  longer va l id . For i ns tance , c ak i ng c o a l  h a s  
recently b e e n  s uc ce s s f u l l y  u s e d  i n  a mod i f i ed L urg i g a s i f i e r , a nd 
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the p i l ot Texaco proc e s s  me nt ioned i n  the  DOE r epor t  i s  now c om­
me r c i al . 

The DOE repo r t  ra i s e s  b u t  doe s no t d i s c u s s  pos s ib le so l u t i o n s  
t o  t h e  po t e n t i al l y  a d ve rse impa c t s  o f  so l i d  wa s te g e n e ra t ion , t h e  
e x t e n t  to wh i ch po l l u t ion con tro l s  s ho u l d  b e  empl oyed , and  the  
pot e n t i a l  h e a l t h  and  s a fe ty h a z a rds from coal  g a s i f ic a t io n . The  
fo l l ow i ng s e c t i ons empha s i z e  t h a t  much more i n fo rma t i o n  a nd a c t u a l  
e xpe r i ence e x i s ts i n  i nd u s try f o r  t a i l o r i ng c o n t ro l  t e ch n o l og i e s to 
the d e g re e  of h a z a rd , and for addre s s i ng he a l th a n d  s a f e t y  con­
c e rns ,  t h a n  i s  appa r e n t  from r e ad i ng t h e  DOE repo r t . 

Pro c e s s  Tech no l og i e s . For c la r i ty , coal  g a s i f ic a t i on and i n­
d i r e c t  l ique fac t io n  s hould b e  s epa r a t e d  from the  d i s t i n c t l y  d i f­
f e re n t  d i r e c t  coal l iq u e f a c t ion proce s s e s . I n d i re c t  l ique f a c t i o n  
requ i r e s  pro d u c t s  from one o f  the  s ev e r a l  c omme r c i a l ly ava i l ab le 
g a s i f ic a t io n  mod e s ,  so i t  shou l d  b e  d i sc u s sed i n  conj unc t ion w i th 
them . I t  i s  impo r t a n t  to note tha t d i f fe re n t  g a s i f i c a t ion pro­
c e s s e s  c a n  be l i nked to the va r i o u s  l ique f a c t ion op t ions to me e t  
the ob j e c t i ve s  o f  the pro j e ct s ponsor . 

Any c ompar i so n  o f  proc e s s e s  o r  the i r  e nv i ronme n t a l  impa c t s  s uch 
a s  s hown i n  Tab l e  3 - 1  of the DOE repo rt shou l d  be c a re f ul l y  made . 
The coal  g as i f i ca t ion d a t a  e n t r i e s  ( F i sche r-Trop s ch and  L u r g i Dry 
Ash ) appe a r  reasonab le ,  b u t  they c o u l d  b e  s ig n i f ic an t l y  d i f fe re n t  
depe nd i ng upon the  cho i ce o f  te chno l og y  o r  coa l u s ed . Th e F i s ch e r­
Tropsch e ntry s ho u l d  h ave ide nt i f ied the  g a s i f i c a t io n  proc e s s  u s ed . 
Imprope r u se o f  the  pre s e n t ed d a ta c o u l d  l e ad t o  t h e  e rrone o u s  
pre f e r e n c e  f o r  o n e  pro ce s s  ove r anot he r .  Comme rc i al l y ava i l ab le 
con t ro l s , for i ns tance , can reduce  the s u l f ur o x i d e  emi s s i on s  o f  a 
Lurg i Dry A s h  pla n t  to the range of 1 0  t o ns pe r d ay ( a s i nd i c a ted 
in the t ab le for a F i s che r-Trop s ch p l a n t ) .  The t ab le shoul d h a ve 
noted a l s o  t h a t  a i r  em i s s ions from ga s i f i c a t i on proc e s s i ng u n i t s 
pe r se  have o n l y  a sma l l  pote n t i a l  impa c t  o n  a i r  q u a l i ty d e g rada­
t ion . Th e ma j o r  a i r  impact  is  mo re l ike l y  to b e  emi s s ions f r om the  
plant  hea t e rs , b o i l e rs , a n c i l l a ry equ ipmen t ,  o r  c oa l - f i r e d  power­
p l a n t  s e rv i ng the f ac i l i ty .  Any e nv i ronme n tal a n a l y s i s  s hou l d  
c le a r l y  r e f l e ct t h i s . Add i t ional l y , a l though the t ab l e i s  norma l ­
i z ed t o  5 0 , 0 0 0  b a rre l s  pe r d a y  o f  c ru d e  o i l  eq u i va l e n t , i t  wou l d  
have b e e n  u s e fu l  i f  s pe c i f i c prod u c t  outp u t s  were g i ve n  ( e . g . , 
tho u s a nd cub i c  f e e t  o f  g a s , b a rre l s  o f  me thanol  o r  g a so l i ne ) . 

The DO E repo r t  i nd i c a tes that the Lurg i pro c e s s  req u i re s  non­
c ak i ng c o a l , b u t  re c e n t l y  a L urg i gas i f i e r  h a s  b e e n  d e ve l oped w i th 
a n  appropr i a te l y  d e s igned s t i rrer , wh i ch h a s  g a s i f i ed even  s t rong l y  
c ak i ng c o a l . 

Be c au se coal  g as i f i c a t ion te chno l og y  i s  r ap id l y  c h a ng i ng , i t  
wa s i mpo s s ib l e fo r DOE to prod u c e  a repo r t  repre s e n t i ng c u r r e n t  
" s t a te o f  t h e  a r t '' te chnolog y .  F o r  i ns ta n c e , T ab l e  3 - 1  wou l d  mor e  
a c c u r a t e l y  c ompa re c u r r e nt syn f ue l  technolog i e s  i f  i t  i nc luded  d a t a  
on t h e  i n t egra t ed g a s i f i ca t ion c omb i n ed cyc l e  mod e  o f  e le c t r i c  
power g e n e ra t ion . A s  a n  e xampl e , b a sed o n  t h e  c u r r e n t  d e s ign of 
the Coo l Wa t e r  P lan t ( C a l i forn i a ) and norma l i ze d  t o  5 0 , 0 0 0  b a rr e l s  
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pe r day o f  c rude o i l  eq u i va l e nt , t h e  compa r a t ive d a t a  a re a s  
fol lows : 

• Pro c e s s  - - I n tegrated Gas i f i c a t ion C omb i ne d  Cyc l e  Powe r 
P l a n t  ( Cool Wat e r  P l a nt ) ; a nd T e x a c o  Coal G a s i f i c a t i o n  
Proce s s  ( 1 , 3 2 7 megawa t t s  of e le c tr i c i ty )  

• I np u t  - - 1 1 , 8 0 0  tons /d ay o f  b i tuminous c o a l  a t  1 2 , 3 0 0  B tu /lb 
and 0 . 4 8  pe r c e n t  sul f ur 

• Coal to B u sb a r  E f f i c i ency 3 7 . 5  pe r c e n t  

• Wa ter Req u i reme n t s  - - 1 8 , 0 0 0 a c re- f t/yr ( b a sed on 0 . 5 
g a l /kwh ) 

• A i r  E m i s s ions w i t h  con tro l s : 

- S u l fur ox ide  - - 5 . 3  tons /d ay 

- N i troge n  ox ide  - - 1 9 . 8  ton s /d ay 

- Carb o n  monox ide  - - l e s s  th a n  3 . 4  ton s /d ay 

- Hydrocarb on - - 0 tons/day 

- Tot al S u s pe nded Part i c u l a t e s  - - 0 . 7  tons/d a y  

- Carb on d i ox i d e  - - 3 0 , 0 0 0  ton s /d ay 

• Sol i d s : 

- S l ag - - 1 , 3 0 0  ton s/d ay 

- S u l fu r  - - 5 7  tons/day 

Coal Gas i f i c a t i on S o l id Wa ste  D i sposa l .  Coa l proc e s s i ng a nd 
use , i nc l ud i ng conve n t ional d i rect  b ur n i ng o f  c o a l , w i l l  a l ways 
yield a sol id wa s t e . I t s  d i s pos a l i s  not a un ique impact of c o a l  
ga s i f ic a t ion . Prope r hand l i ng mu s t  b e  ad d r e s s ed n o  ma t t e r  wh a t  the 
or i g i n  a nd r eq u i re s  i n forma t ion on the amoun t ,  d egree  of  h a z a rd , 
a nd geog r aph i c  conc e nt r a t ion o f  the wa s te . T h e  amo u n t  c a n  b e  
c a l c u la ted , a nd the r epor t  corre c t l y  i d e n t i f i e s  the n e e d  t o  d e te r­
m i n e  i t s  h a z a rd o u s  pot e n t i a l . Wi t h  t h i s  i n fo rma t io n , a n  e nv i ron­
me ntal l y  sound d i spos a l  fa c i l i ty can be cons t ru c ted u s i ng a c c epted 
e ng i ne e r i ng prac t i c e s . It  s hou ld b e  emph a s i z ed that  a l arge coal  
gas i f i c a t ion p l a n t  could  be  located i n  a s pa r s e l y  pop u l a te d  a re a , 
wh ich may repr e s e n t  an e nv i ronme n tal l y  a d va n t ag e ou s  way to a c cumu­
late coal was t e  ma ter i a l s . I n  th i s  way th e ma t e r i a l  may b e  con­
centra ted a nd man ag ed w i t h  g r e a te r  con tro l  a nd l e s s  i mpact  than i f  
i t  i s  d i spe rs e d  i n  a mu l t i t ude o f  coa l - f ired  powe rpla n t s  l o c a t e d  i n  
cong e s ted a re a s . 

The DOE repo r t  prope r l y  empha s i z e s  t h a t  h a z a rd o u s  wa s te s  
produced from ca t a l ys ts , tre a t i ng chemica l s , and  h e avy me ta l s  may 

D- 1 1  



a l so b e  pr e s e nt and t h a t  there are a c cep t ed me thod s o f  hand l i ng 
t h e s e  ma ter i a ls . I n  add i t ion , unde r RCRA t h e re i s  a d ev e l op i ng 
reg u l a tory scheme to a s s ure prope r hand l i ng o f  t he s e  wa s t e s . 

I n  s umma ry , was te s  c a n  a nd s hou ld b e  c a re f ul l y  t e s ted f o r  
the i r  h a z a rd pote n t i al a nd d i s pos ed o f  accor d i ng to c urre n t  wel l­
und e rs tood h igh-q u a l i ty e ng i ne e r i ng p r a c t i c e s . 

Control Techno l og y . The  DOE repo rt s umma ry impl i e s  tha t 
s tr i ng e n t  con tro l t e chnology i nc l ud i ng Lowes t Ach i evab le Emi s s i on 
Ra t e  ( LAER ) i s  req u i red to red u c e  the degree  o f  r i sk .  As a r u l e , 
emi s s ion a nd e f f l ue n t  con tro l s  s ho u l d  embody a c c epted B e s t  Ava i l ­
ab le Control Te chnolog y  ( BACT ) a nd New S o u r c e  P e r fo rmance S t an d a rd 
contro l s  where i d e n t i f i ed . The se h ave b ee n  e s t ab l i s h e d  t o  prod u c e  
t h e  de s i red b e ne f i t  w i t h  d ue cons i d e r a t ion o f  the  f e as ib i l i ty a nd 
c os t .  Th e d egree o f  con tro l should  a lways b e  i n  conce r t  w i th the  
extent  of the h a z a rd . Controls  that are mor e  t h a n  s u f f i c i e n t  to 
ab a t e  the  h a zard a re n o t  appropr i a te or c o s t  e f fe ct i ve . S ho u l d  
e f f l ue n t  eva l u a t ion a n d  t e s t i ng i d e nt i fy c r i t i c a l  h a z a rd s , howeve r ,  
the l owe s t  control l evel may b e  the on l y  acceptab l e  r a t iona l e . 
Th i s  reg u l a tory approach h a s  o f t e n  b e e n  u sed to c o n t ro l  s uspe c ted 
carci nogens i n  the  re f i n i ng a nd chem i c a l  i nd u s t r i e s . 

Worke r H e a l th and S a f e ty . Worke r h e a l th a n d  s a fe ty a n d  p ub l i c 
h e al t h  i s  of pa ramo u n t  i nte res t to i nd u s try a nd t h e  g e ne ra l  p ub l i c . 
The concern expr e s s ed i n  the report ab ou t t h e  many u nknowns i n  the 
s yn the t i c f ue l s  i nd u s try is appropr i a te , i nc l ud i ng the spe c i al 
emph a s i s  o n  the c a r c i nogen i c  potent i al o f  s y n f u e l  i nt e rme d i a t e s  a nd 
prod u c t s . Howev e r , s im i l a r  conc e rns h ave b e e n  a d d r e s sed s uc ce s s­
f u l l y  in other i nd u s t r i e s . S yn f u e l  d e ve l opme n t  d o e s  not i n t ro d u c e  
n e w  phenome na b u t  r a t h e r  new c on f i g ur a t ions o f  a s e t  o f  ma n age ab l e  
eve n t s . O f  cours e , i t  i s  ant i c i pa t e d  t h a t  s ome n e w  con trol t e ch­
n iq u e s  may need to be deve l oped . Al l proces s s tr e ams a nd prod u c t s  
d e s e rve t h e  car e f u l  s c r u t i ny emphas i z ed i n  t h e  repo r t  t o  a s s ure 
t h a t  i nformed control a nd h a nd l i ng d e c i s ions a r e  i mpleme n t ed . 

Eve n w i th the b e s t  o f  i ntent ions , e ng i ne e r i ng d e s ign o r  ope ra­
t ion e rrors a nd prob l ems me n t i oned i n  the repor t may o c c ur . E very 
i nd u s try h a s  had  t h i s  expe r i ence . The  prope r re s po n s e  is  to  
m i n i m i z e  e rrors a nd d eve l op the appropr i a te t ra i n i ng , con t i ng e n c y  
p l a ns , a nd eme rg e ncy proced u r e s  s hou l d  prob lems o c cu r . 

The repo rt c l a ims t h a t  a l a rge - s c a l e  pl a n t  prov i d e s  a pot e n t i a l  
for i nc r e a s ed r i s k  ove r a smal le r fac i l i ty .  A c a s e  c a n  b e  made 
t h a t  l a rge p l a n t s  spread ove r  a l a rge area wou l d  red u c e  emp l oye e 
and pub l ic e xpos ure to h a z a rd ou s  chemi c a l s  and  b e  ab l e  to s uppo r t  
a n  adequa te on- s i te s a fe ty a nd i nd u s tr i a l  h yg i e ne s ta f f ,  wh i ch 
wou l d  further reduce  employe e r i s k  e xpos ure . 

The DOE repo r t  conc e n tra te s  on the po te n t i a l  h a rm f rom c a rc i n o­
g en i c , mu tagen i c , o r  t e r a tog e n i c  prope r t i e s  o f  s y n f ue l i n t e rme­
d ia te s  or prod uc t s . I t  bare l y  men t ions conven t io n a l  h e a l t h  and 
s a f e ty h a z a rd s  and it is  arg u ab l e  that there may b e  a g r e a t e r  
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pot ent ial for emp l oyee h a rm i n  the s e  areas . The DOE repo r t  shou l d  
place more emph as i s  o n  i mportant conve n t i o n a l  impa c t s  re s u l t i ng 
from s uch i n c i d e n t s  a s  f i re ,  explos ions , s l i p s , a nd f a l l s . 

Coa l M i n i ng I mpa c t s . The DOE repo rt corre c t l y  empha s i z e s  t h a t  
coal m i n i ng - r e l a t e d  h e a l th a nd e nv i ronme n t a l  e f fe ct s  w i l l  repre s e n t  
a s ub s tant i a l  port i o n  o f  the to tal  syn f ue l  impac t  a s s e s sme n t . 
These e f fe c t s  should b e  p l ac ed i n  pe rspe ct i v e , howe ve r ,  s i n c e  they 
wi l l  occur as our coal resources  are dev e l oped to me e t  the  na t io n ' s  
energy need s , regard l e s s  o f  e nd u se . More impo r t a n t l y , c o a l  m i n i ng 
i s  a l r e ad y  gove rned b y  s t r i c t  s a f e ty ,  h ea l th , and e nv i ronme n tal 
laws a nd reg u lat i o n s . Pa s t  recogn i t ion o f  these impa c t s  by the  
coal-mi n i ng i nd u s try has c a u sed deve l opme nt o f  appropr i a t e  c o n t ro l  
s tr a teg i e s . 

A i r  Qual i ty .  The DOE repo r t  corre c t l y  empha s i z e s  t h a t  a nc i l ­
l ary f ue l-burn i ng equ i pme n t  or an aux i l iary powe rp l an t s e rv i ng a 
syn f u e l  pro j e c t  may be the  ma i n  source o f  c r i t e r i a  pol l u tan t s . 
The se em i s s ions wi l l  be hand led l ike tho s e  from any o th e r  em i tt i ng 
i nd u s tr i a l  f ac i l i ty .  I t  i s  important to und e r s t and , h oweve r , tha t 
the Pr ev e n t io n  o f  S ig n i f i c an t  De te r iora t i o n  ( PS D ) r ev i ew and the 
( Cl a s s  I are a ) v i s i b i l i ty con s tra i n t s  may c re a te s e v e re and po s s i ­
b l y  i n s urmou n ta b l e  barr i e r s  to spe c i f i c syn f u e l  proj e c t s . Cl a s s  I 
increme n t s  are so sma l l  they could e a s i l y b e  cons umed by the f i r s t  
plant s i ted t o  deve l op a geog raph i c a l ly concen tra ted c o a l  r e so urce . 
Moreove r ,  a pro j e c t  loca ted many m i l e s  from a C l a s s  I are a may no t 
be pe rm i t ted i f  the pl an t  has an impac t o n  the are a ' s  i n teg ral 
v i sta . I t  i s  d i f f i c u l t  to j udge a t  th i s  t ime the s ig n i f i c an c e  o f  
the se cons tra i n t s , b ecause  the y  are unde r  cons i d e r a t i o n  fo r c hang e 
in f u t ure ame ndme n t s  to the C l e a n  Ai r Ac t .  

Coal L ique f a c t ion 

Overv i ew of DOE Repo r t  Coverage . S ome o f  the  emi s s i o n s  d a t a  
u sed i n  Chap t e rs Thr e e  a nd F ive o f  the DOE repo r t  f o r  ma j o r coal 
l iquefact ion te chnolog i e s  are ou tdated or i n c omp l e t e . For e xampl e ,  
the DOE report u t i l i z e s  E x xo n  Do nor So lve n t  ( EDS ) p l a n t  emi s s ion 
e s t ima tes pub l i s h ed i n  a 1 9 7 9  s tud y by S RI I n t e rn a t iona l . A t  t h e  
t ime of pub l i c a t i o n  o f  t h e  DOE repo r t , the  em i s s ions d a t a  u sed we re 
prob ab l y  the b e s t  ava i l ab l e , b u t  te chnology d e ve l opme n t s in the 
pas t two years w i l l  h ave a n  impact on some o f  the DOE conc l u s ions 
ba sed on the e a r l i e r  d a t a . Re c e n t l y  r ev i s ed em i s s ion e s t i ma t e s  for 
an EDS plant have b e e n  prepa red a nd h ave b e e n  i s s ue d  in a n  u pd a ted 
s tudy d e s i g n  prepared for DOE . The DOE repo r t  a l s o  i nc l ud e s  s ome 
i nappropr i a te re comme nd a t ions reg a rd i ng type s a nd d eg r e e s  o f  po l l u­
t ion contro l s , a s  we l l  a s  c ompa r i sons among s y n f ue l t e c h n o l og y  
em i s s ions . 

Proce s s  Techno l og i e s . The i n i t i al comme r c i al coal  l ique fac t ion 
un i ts should  not req u i re s pe c i a l con t ro l s , as  s ta t e d  in  the DO E 
report , b eyond t ho s e  needed to me e t  acceptab le e nv i ronme n t a l  con­
s tra i n t s . I n  part i c u l a r , the f i rs t  c ommer c i a l  un i t s  s h o u l d  not b e  
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d e s i gned for m i n imum e nv i ronme ntal  impac t ,  i f  t h i s  concep t pre s ume s 
LAER t e chno l og y  ra ther than BACT . A more pra c t i c a l  approa c h  wou l d  
b e  to cond u c t  a r i sk a s s e s sme n t  t o  de term i ne i f  a c o a l  l iq ue f a c t ion 
p lan t , after me e t i ng e x i s t i ng e nv i ro nme n t a l  r eg u la t i o n s , s t i l l  
prese nts  unreasonab le h a z a rd s  to huma n heal t h  a nd t h e  e nv i ronme nt . 
On l y  i f  a pos i t i ve f i nd i ng wer e  made wou l d  ad d i t iona l con t ro l s  b e  
warranted . Wh i l e  the need t o  m i n im i z e  envi ronme n t a l  imp a c t  s hou l d  
b e  a ma j or concern , cons i d e ra t ion mu s t  a l so b e  g i ve n  to econom i c  
pra c t ical i ty .  Fo r e x amp l e , cons iderat ion o f  e conom i c s  i s  the 
pr i n c ipa l  i n te n t  o f  the BACT rev i ew in  the PSD pe rm i t  proce s s . All  
po l l u t io n  control me a s ur e s  c a rry a c os t ,  o f  c o u rs e , b u t  the impo s i­
t ion o f  unne c e s s a ry s t eps wou ld decre a se the l ike l i hood o f  a c h i ev­
i ng an e conom i c a l l y  v i ab l e syn the t i c  f ue l s i nd u s try . 

Syn f u e l  Technology Compa r i son . As d i s c u s s ed e a r l i e r , t h e  com­
pa r i son a mong d i f fe r e n t  syn f u e l  technolog i e s  pre s e n t e d  i n  T ab l e  3 - 1  
o f  the DOE repor t  mu s t  b e  c a re f u l ly d r awn . For ex ampl e , the em i s ­
s ions a nd wa te r req u i reme n t s  h ave b ee n  i nval i d ly norma l i z e d  to a 
c ommon p l a n t  s i z e . S uch qua n t i t i es a re not nec e s s a r i l y  d i re c t l y  
propo r t i o n a l  to p l a n t  s i ze . I n  ad d i t ion , ob v i o u s  d i s crepanc i e s  i n  
s u l fur con t e n t  o f  t h e  raw ma te r i al s  a r e  n o t  corre c ted . 

S o l i d  Wa s te . Ove ral l ,  the s ta teme nts  mad e  conce rn i ng t he quan­
t i ty ,  qua l i ty ,  a nd sourc e s  of so l id was te s  e x pe c t e d  from the E DS 
�rocess are accura te . Two type s of wa s te s  shou l d  b e  g e nera ted . One 
group ( a s h , fly a s h , a nd l ique fact ion b o t t oms ) is  e xpe cted t o  rep­
resent the ma j or vo l ume o f  wa s tes generated . B a sed o n  the May 1 9 , 
1 9 8 0 , RCRA g u i d e l i ne s  a nd upon ava i l ab le d a t a , t h e s e  E DS sol i d  
wa s t es are  curre n t l y  c ons ide red nonh a z a rdou s .  The o t h e r  source o f  
sol i d s  wou l d  b e  ge nerated from t h e  t rea tme n t  o f  the proce s s  was te ­
wa t e rs . The pe troleum a nd chem i c a l  i nd u s t r i es h ave h a d  e x t ens ive 
p l a n t  expe r i ence in tre a t i ng the s e  was te s , as i s  r e co g n i z ed by the 
DOE repo r t . 

Was tewa te r .  The repo rt corre c t l y  s t a te s  t h a t  the proces s  
wa s tewa t e rs can b e  tre a t ed b y  pre sent technolog y .  For e x ampl e ,  the 
EDS d e s ign now i n c l u d e s  phenol e x t ra c t ion fo l l owed by b i o l og i c a l  
o x i da t ion th a t  w i l l  r ed uce pheno l conce n t ra t ions to a c c ep t ab l e  
s ta te leve l s . The DOE repo rt concluded t h a t  s ta t e  phenol s ta n­
dards i n  I l l i no i s  could  b e  a ma j o r  s i t i ng cons tra i n t , wh i ch i s  no 
l ong e r  true . 

I n  ad d i t ion to those compound s me n t ioned b y  t h e  DOE repo r t ,  
proc e s s  was tewate rs are a l s o  e xpe cted to conta i n  o rgan i c  a c i d s , 
ke tones , a nd a l de hyde s .  The s treams may a l s o  con ta i n  t r a c e  l eve l s  
o f  cob a l t , chrom i um ,  c oppe r , ma ng anese , mo l yb de num , s e l e n i um ,  t i n , 
a nd z i nc . 

Di s so l ved a i r  f l ot a t ion shou l d  a l so b e  l i s ted a s  a wa t e r  
po l l ut ion con tro l opt ion for t h e  tre a tme n t  o f  organ i c  s pe c i e s i n  
wa s t ewa t e rs . I n  ad d i t ion , part i c u la r  emphas i s  w i l l  b e  p l a c ed on 
land farm i ng a s  a con trol opt ion for was te trea tme n t  s l u d ge s ; i n­
c i ne r a t i on i s  a l so und e r  cons iderat ion . 
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A i r  -- Comme n t s  on A i r  Po l l u t ion Control Technolog i e s . 
Hyd rotreatme n t  of proc e s s  of fgases to control n i trogen o x i d e s  i s  
re commended b y  the DOE repo rt . Th i s  recomme nd a t ion i s  un c le a r  i n  
terms o f  wh i ch proc e s s  o f  g a s e s  a re o f  con c e rn and how " hyd ro­
treatme nt " c o u l d  be u sed to control the n i troge n ox i d e  emi s s ions 
conta i ned in the se o f f ga s e s . F lares s ho u l d  b e  i nc l uded a s  con t ro l  
eq u i pment op t ions fo r hyd roca rbon and c a rbon mo no x i d e  emi s s ions i n  
process  r e l e a se s . 

The spe c i f i cat ion o f  b aghou ses  to control t o t a l  s u spe nd e d  par­
t ic u l a te em i s s ions in t a i l  gases  is que s t ionab le as the pa rt i c u l a te 
l oad i ng i n  s u l fur plant ta i l  ga s e s  i s  not a concern . 

B ioma ss and Urb a n  Wa s te 

The report p l a c e s  gre a t e r  emph a s i s  on a l c o ho l s  d e r i ve d  from 
b ioma s s  a nd u rb a n  was tes than i t  does on me thanol and me thanol­
de r ived g a so l i ne from coal-der i ve d  synth e s i s  g a s . Th i s  emph a s i s  
does not place these  two source catego r i e s  i n  prope r pe rspe ct ive to 
the i r  r e la t i ve pote n t i a l s  for repla c i ng pe tro l eu m  transpo r t a t ion 
f ue l s . Al coho l s  from b i oma s s  and wa s t e  sou r c e s  are mak i ng a sma l l  
b ut important con t r ib u t i on to the nat ion ' s  transpo r t a t i on f u e l  sup­
ply , but  only coal - d e r i ved a l coh o l s  have the po t e n t i a l  to repl a c e  
large amounts o f  pe tro l eum- d e r i ved f ue l s . 

I n  add i t io n , the e nv i ronme n t a l  impa c t s  o f  the two source  c a t e­
gor i e s  ( c oal-b a s ed a nd b i oma s s )  are q u i te d i f fe rent , a nd s ep a r a t e  
d i scus s i ons a r e  j u s t i f i ed . F o r  example , the impa c ts o f  coa l ­
d e r ived a l c oh o l s  a r e  i n  l a rge me asure those o f  c o a l  g a s i f i c a t ion . 
On the othe r h a nd , a s  the r eport co rre c t l y  i d e n t i f i e s , the b i oma s s  
fue l s  i nd u s try i s  reg i o na l , charac t e r i z ed b y  ma ny r e l a t ive l y  sma l l  
plan t s , a nd h a s  pr i n c ipal l y  l o c a l  e nv i ronme n t a l  i mpa c t s , ma i n l y  on 
so i l  e ros ion and w a t e r  q ua l i ty .  

The actual  s ig n i f i c a nce of these e nv i ronme n tal impa c t s  i s  d i f­
f i cu lt to a s s e s s  b e c au se the repo r t  g i ve s  no i n d i ca t i on o f  the ne t 
energy prod u c t i on o f  the b i oma s s  i nd u s try . Fo r a ny syn f ue l  pro­
j e ct , the a c c ep t ab i l i ty of e nv i ronme n t a l  impa c t s  depends i n  pa r t  o n  
t h e  n e t  prod u c t ion of pe troleum s ub s t i tu t e s . Th i s  i s  e s pe c i al l y  
important i n  the b i omas s  area b e c au s e  o f  the large amount o f  pro­
ces s i ng e ne rgy r eq u i red , wh i ch may e x c e ed t h e  e nergy va l u e  of the 
prod u c t . 

Any f u ture e nv i ronme n t a l  impa c t  ana lys i s  o f  synthe t i c  f ue l s  
from b i oma s s  and wa s t e  sou rces  also shou l d  s urvey : s ta te a nd l o c a l  
pe rm i t  d a ta f o r  s pe c i f i c  pro j e c t s , ava i l ab l e d a t a  from a c t u a l p l a n t  
ope ra t ions , eme rg i ng E P A  Po l l u t ion Control Te chnolog y  G u i d a nce 
Docume n t s , a nd EPA- and/or Depa r tme n t  o f  Agr i c u l t u r e - s ponsored 
s tud i e s  o f  o n- fa rm a l coh o l  product ion f a c i l i t i e s . 
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Reg u l a tory and E n v i ronme n t a l  I mpac t s  i n  the  DOE Repo r t  

Ge n e r a l  

Chap t e rs Four a nd F ive of the DOE repo rt c o n t a i n  mos t  o f  t h e  
reg u l a tory a nd e nv i ronme n t a l  a n a l ys i s . T h e  d i s c u s s i on i s  u n d e r­
s tand ab l y  l e ng thy a nd c ompl i c a t ed ; a b r i e f  s umma ry o f  the con­
c l u s i ons p l aced a t  t h e  front o f  the d i sc u s s i o n  wou l d  b e  h e l p fu l . 
The repor t  a t temp t s  to i nt e rre l a te s uch fac t o rs a s  a i r  q ua l i ty ,  
wa t e r  ava i l ab i l i ty a nd q ua l i ty , soc i o- e conom i c  a s s i m i l a t i v e  c apa­
c i ty ,  e c o log i c a l  d i s turba nce , a nd s ta t e  a nd f ed e ra l  reg u l a tory 
cons t ra i n t s  i n to a n  ove r a l l  r e g i onal  a s s e s sme n t  for the synth e t i c  
f ue l s  i nd u s try . I t  i s  b e l i eved , howeve r ,  t h a t  t h e  l a c k  o f  pre c i ­
s ion o f  t h e  many prem i s e s  h i nd e r s  mean i ng f u l  conc l u s ions . N e ve r­
thele s s ,  t h e  repo rt d oe s  pre s e n t  a un ique i ns ig h t  i nto the ma ny 
e nv i ronme n t a l  f a c tors a f fe c t i ng the d ev e l opme n t  of a s yn the t i c 
f ue l s  i nd u s try . 

A s e ns e  of u n c e rt a i n ty a f fe c t s  eve ry a spe c t  o f  the  syn f ue l  
d e v e l opme n t  prog ram . Unce rta i n ty i s  the c ommon f a c tor i n  th i s  
s e c t i o n  o f  the repo r t , i nvo l v i ng the  technolog y , e co nomi cs , a nd 
envi ronme n t a l  con tro l s , and i s  s trong l y  appa r e n t  i n  the  d i s cu s s ion 
of the " ru le s  o f  the game ; " i . e . , reg u l a to ry , s o c i o- e conom i c ,  a nd 
po l i t i c a l  cons tra i n t s . The cumu l a t i ve e f fe c t  i s  d e l ay , b e ca u s e  
e ach unce rta i nty r eq u i re s  t ime t o  reso l ve a nd d e f e rs ach i ev i ng the  
n a t ional goal  o f  d e ve l op i ng d omes t i c e ne rg y  re source s .  

The c ommen t s  o f  t h e  NPC on the r eg u la tory and e n v i ro nme n t a l  
i mpa c t s  c h ap ters o f  t h e  DOE repo rt may b e  s umma r i z e d  i n to the  
fo l l ow i ng ca tegor i e s : 

• The NPC c r i t i c i z e s  the use  o f  the  a i r  q ua l i ty mod e l s  on a 
reg ional b a s i s . Th ese  mod e l s  are g e n e ra l ly r e cogn i z ed b y  
those s k i l l ed i n  t h e  a rt a s  b e i ng o n l y  gross appro x ima t i ons 
eve n on a s i te - s pe c i f i c  ba s i s . I n  ad d i t io n , t he maps imp l y  
a n  accuracy t h a t  i s  no t wa rran t ed ( a l though recogn i z ed b y  
t h e  autho rs a s  gros s approx ima t ions ) a n d  cou l d  l e ad t o  
m i s i n te rpre ta t ions . 

• The Pha s ed De ve l opme n t  Propos al impl i e s  t h a t  c omme r c i a l  
p l a n t s  shou l d  b e  h e l d  b a ck fou r  t o  s i x  ye ars for f u r t h e r  re­
sea rch a nd d e ve l opme n t . However , s ome pro j e c ts are a l re ady 
i n  the pla n n i ng a nd deve lopme n t  s tage pre c ed i ng comme rc i al ­
i za t ion . The i r  d e ve l ope rs h ave e xami ne d  t h e  r i sks and 
uncerta i n t i e s  s t i l l  rema i n i ng a f t e r  R& D a nd a re read y t o  
c omme r c i a l i ze .  T h e  amount o f  money a l re ady c omm i t t e d  i s  
e v i d e nc e  o f  the i r  b e l i e f t h a t  the u n c e r t a i n t i e s  h ave b e e n  
reduced t o  a poi n t  whe re a techn i c a l l y  a nd e conom i c a l l y  
v i ab l e p l a n t  c a n  b e  b u i l t  t h a t  w i l l  of f e r  accep tab l e  s a fe ty 
a nd e nv i ronme n t a l  prote c t ion to wo rke r a n d  p ub l ic a l i ke .  

• There i s  a n  imp l i ed recomme ndat ion for s ma l l e r-s i z e p l a n t s  
( 2 8 , 0 0 0  to 3 5 , 0 0 0  bb l/day ) v s . l a rg e r  p l a n t s  ( 1 0 0 , 0 0 0  

bb l/day ) . Th i s  s hou ld not b e  a gene r a l  recomme nd a t i on . 
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I nd i v id ual  t e chnolog i e s  b e ne f i t  d i f fe re n t l y  from s c a l e - u p  
f a c tors a nd th i s  could ou twe igh t h e  d i s ad va n t age s c au s e d  b y  
the g r e a t e r  resource req u i reme n t s  o f  a l a rg e r  p l a n t . 

• The DOE t ime e s t ima tes  rega rd i ng pe rm i t t i ng proced u r e s , 
tog e th e r  w i th the ne ed for E nv i ronme n t a l  I mpa c t  S ta t eme n t s  
( E I S ) , d o  n o t  appe a r  real i s t ic . T h e  D O E  pe rm i t t i ng e s t i­
ma t e s  of from 2 4  to 3 6  months  s h o u l d  b e  c o n s t ru e d  a s  mi n i­
mums wh e n  eve ry th i ng goes smoo t h l y , b u t  th i s  i s  s e l dom the  
c a s e . The  repo r t  prope r l y  recogn i ze s  t h a t  n ew proc e d u re s  t o  
fac i l i t a te pe rm i t t i ng wou l d  b e  h e l p f u l , e s pe c i al l y fo r l a rge 
proj e ct s . S yn f ue l  pro j e c ts c o u l d  be pe rm i t t ed i n  a t ime l y  
f a s h i o n  w i th i n  t h e  current reg u l a tory f r amework , b u t  only 
w i th prope r coord i na t ion of all  concerned . 

• The s ub j e c t  of h e a l th and  s a fe ty i n  the  synth e t i c  f ue l s  
i nd u s try wa s not trea ted a s  e x t ens ive l y  a s  need ed i n  the 
repo r t . 

The fol l owi ng s e c t ions d e scr ib e the NPC ' s  concerns i n  more 
d e t a i l : 

A i r  

As d e s c r ib ed i n  t h e  DOE repo r t , t h e  re l a t i ve e a s e  of s i t i ng 
synfue l p la n t s  i n  s ome l o ca t ions  c ompa red to othe rs i s  b a s ed o n  
spe c u l a t ive mod e l i ng a na l ys i s  and impl i e s  a n  a c c u r a cy a nd f i na l i ty 
that i s  u n j u s t i f i ed . The de t a i led d i s c u s s i on i n  the repor t ,  toge ­
ther w i th t h e  map s a n d  c h a rt s ,  i nd i c a te s  a g r e a t e r  conf i d e nce i n  
t h e  con c l u s ions of the  s tudy than can b e  s uppo r t e d . The o ve ra l l  
need for th i s  d e t a i led a n a l ys i s  b a sed o n  hypo th e t i c a l  a s s umpt ions , 
as s umed o r  average d a t a , a nd genera l i z e d  p l a n t  d e s i g n  a n d  te rra i n  
i s  ser iou s l y  que s t ioned . For i ns tance , i t  i s  adm i t t ed i n  the re­
po rt that " f l a t  te rra i n  wa s a s s umed for mos t ca s e s . "  S i n c e  ma ny o f  
the pote nt i al syn f ue l  deve l opme nt areas a re loca t ed f a r  f r om f l a t  
terra i n , th i s  a s s umpt ion can l e ad to a s e r i ou s  m i s s t a t eme n t  o f  
pot e n t i al a i r qual i ty c ons tra i nt s . The analys i s  o f  t h e  mod e l i ng 
re s u l ts s howi ng the  var i a t ion i n  amb i e n t  i mpa c t  w i th va ry i ng s ta c k  
h e ig h t s  ( Tab le 5 - 5  o f  the D O E  repo r t ) does  n o t  prov i d e  " ad d i t i o n a l  
i ns ights  i n to the e f fe c t s  o f  i rreg u l a r  t e r r a i n , " a s  s ta t e d . T e r­
r a i n  e f fe ct s  m u s t  b e  s tud i ed on a case-by- c a s e  b a s i s . 

I n  the s e c t ion on PSD A i r  Qua l i ty Pe rm i t s  i t  i s  s ta t ed " the 
th i rd PSD r eq u i reme n t  is  t h a t  a l l owed reg ional amb i e n t  a i r  q ua l i ty 
i nc reme n t s  not b e  e x c eeded . I n  an area wh e re t h e  a i r  i s  r e l a t ive l y  
c le a n , th i s  r eq u i reme n t  b e c ome s l es s  res t r i c t ive t h a n  whe re t h e  a i r  
i s  rel a t ive l y  po l lu t ed . "  Th i s  s ta teme n t  i s  i ncorre c t . Th e i n cre­
men t  sys tem is d e s igned to make req u i reme n t s  more r e s t r i c t i ve i n  
C l a s s  I ( re l a t ive l y  c le a n )  a re a s  a nd l e s s  re s tr i c t i ve i n  C l a s s  I I I  
( re la t i ve l y  po l l u ted ) area s . C l a s s  I I  and I I I  a r e a s  c a n  on l y  b e  
mo re res t r i c t i ve i f  the to t al i nc reme n t  i s  not ava i l ab le b e c a u s e  
po l l utant conce n tr a t ions  approach federa l  amb i e n t  a i r  q ua l i ty 
s tand a rd s . I n  th i s  se c t ion i t  i s  a l s o  s ta ted t h a t : 
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I n  the proc e s s  o f  ob t a i n i ng t h e s e  d a t a , the  propo s ed s o u r c e  
own e r  m a y  d i scover tha t  t h e  a i r  qua l i ty i s  wo r s e  than a n t i ­
c i pa t ed a nd t h a t  the p l a n t  m u s t , t h e re fore , b e  d own s i z ed , 
s i t ed e l sewhere , control led f urthe r , or c a n c e l l ed . I t  i s  
pos s ib le t h a t  the d a t a  w i l l demons trate t h a t the  a r e a  i s  i n  
non-a t ta i nme n t  o f  s t a ndard s , c au s i ng s i gn i f i c a n t ly i nc re a s ed 
res t r i c t ions . 

Al though po s s ib le ,  s uc h  an occurre nce i s  mos t  un l i ke l y .  

Rev i s ions to P S D  reg u l a t ions are r e f e r red t o  a s  " ye t- to-b e­
deve loped , "  a nd s ome s t i l l  are . Howeve r , revi s e d  P S D  r eg u l a t i on s  
i s s ued i n  Aug u s t  1 9 8 0  s ta t e  that e s t ima t ed amo u n t s  o f  f ug i t ive d u s t  
emi s s ions need n o t  b e  i nc l ud ed w i th othe r m i ne par t i c u l a t e  em i s­
s ions to de term i ne i f  the 1 0 0  tons-pe r-ye a r  s ta nd a rd for P S D  
appl i c ab i l i ty w i l l  b e  exceeded . The S e t  I I  po l lu ta n t  r eq u i reme n t s  
a re s t i l l  t o  b e  proposed a s  of J u n e  1 ,  1 9 8 1 . 

Wa t e r  Use and Qual i ty 

The DOE repo r t  c i tes  z e ro d i sch arge a s  a po l l u t i o n  c o n t r o l  op­
t ion . The E DS Wyomi ng S t ud y  De s ign , as o f  June 1 ,  1 9 8 1 , c a l l s  for 
z e ro d i sch a rge . Th i s  is the r e s u l t  o f  the hyd rolog i c a l  cons t r a i nts  
of the reg ion a nd n o t  of the ad van t ages  o f  z e ro d i s c h a rg e  a s  a 
wa ter po l lu t io n  c on t ro l  opt ion . I n  reg ions  wh e re h ig h- q ua l i ty 
ma j or wa t e r  r e sources are read i l y  ava i l ab l e z e ro d i s c h a r g e  may 
repre s e n t  a n  unne c e s s a ry a nd t h u s  unac cep tab le po l l u t i o n  con trol  
opt ion b e c a u se o f  t he ad d ed e conom i c  b urde n . 

The DOE repo r t ' s  u se o f  the vo lume o f  free f l ow i ng w a t e r  a s  the 
me asure of ava i l ab i l i ty , as opposed to w a t e r  in s to rage o r  wa t e r  
c o l l e cted t hrough m i ne d ewa ter i ng , i s  i n appropr i a te i n  a r i d  
r eg io ns . C e r t a i n l y , t h e  annu a l  pe r iods o f  l ow f l ow wou l d  r eq u i re 
that a ny syn f u e l  p l a n t  h ave a re l i ab l e  year-round source o f  wa t e r . 

The report s ta t e s : 

Wes te rn wa t e r  l aw tend s to cons tra i n  the u s e  o f  wa t e r  for 
e n e rgy prod uc t i o n  proce s se s , i nc l ud i ng e ne rg y  f ac i l i ty c oo l i ng 
proc e s s e s . S ta te law , rather than f e d e r a l  l aw , d om i n a t e s  the 
de term i n a t ion o f  wa t e r  r i g h t s , a nd a s t a t e  o f f i c i al ( o f ten the 
S t a t e  E ng i ne e r ) i s  respo ns ib l e  for i s s u i ng pe rm i t s for va l id 
wa t e r  u s e . The pe rm i t s  g r a n t  pr i or i ty to wa t e r  u s e s  b a s ed on 
c la s s e s  of b e n e f i c i a l  u s e s  a nd the d a t e  of the i s s ua n c e  of the  
pe rm i t .  

Th i s  s ta teme n t  i s  un t rue i n  Colorad o . 

Al though e a s t e rn w a t e r  po l i cy d i f fe rs from we s te rn w i th re spe c t  
t o  r ipar i a n  r ig h t s , e a ch s ta t e  woul d  h ave to b e  eva l ua ted i n d e ­
pend e nt l y .  For e xampl e , New Je rsey h a s  own e rs h ip r ig h ts t o  b o t h  
s u rface a nd g ro u nd wate rs . There fore , a ny appl i c a t i on fo r wa t e r  
d i ve rs ion wou l d  i nvo l ve a s t ate pe rm i t ,  s im i l a r  t o  t h a t  req u i red b y  
wes te rn s ta te s ' po l i c i e s . 
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Coal M i n i ng I mpac t s  

The d i s cus s ion o n  coal  m i n i ng impa c t s  s ho u l d  b e  expa nd ed to 
i nc lude a d i sc u s s ion of the m i t ig a t i ng e f fe c t s  wh i c h  w i l l  re s u l t  
under t h e  Su rface M i n i ng Control a nd Re c l ama t ion A c t  ( SMCRA ) . I t  
i s  ant ic ipa ted t h a t  there w i l l b e  some ma j o r  ad m i n i s trat ive c h a ng e s  
i n  t h e  SMCRA reg u l a t ion and  pe rm i t  proced u r e s . F u r t he r , t h e  e n v i ­
ronme n t al impac t s  a re not un ique to the syn the t ic f ue l s i nd u s try 
b ut occur in the g e n e r a l  u s e  of coal . 

Sol i d  Was te 

It is re cogn i z ed that the nat ion ' s  va s t  e ne rg y  source s  in coal , 
o i l  s hale , and t a r  sand s  conta i n  l a rge vol ume s o f  nonhyd roca rb on 
mat te r  that b e come a so l id wa s te . Cons t i t u e n t s  i n  the or ig i na l  
energy resource w i l l  b e  pre s e nt i n  th i s  wa s t e  and c a n  i nc l ud e  a 
w i de range of e leme n t s , d epend i ng a t  l e a s t  i n  pa r t  on t h e  s pe c i f i c  
feed s tock . The exampl e s  s hown i n  Chap te r  F i ve s hou l d  b e  cons trued 
as repre sent i ng only typ i c a l  c ompos i t ions of s pe c i f i c  coal r e s i ­
dues . 

The NPC i s  aware of the mag n i tude of the so l i d  wa s t e  prob lem 
a nd agre es tha t  i t  mu s t  be h a nd l ed in a n  e nv i ro nme n t a l l y  acceptab l e  
ma nne r .  Comme n t s  on t h e  report i n  th i s  reg a rd may b e  s umma r i z e d  a s  
fol l ows : 

• Pos t-J une 1 9 8 0  changes i n  RCRA impl eme n t i ng r eg u l a t i on s  a re 
not i nc l uded . 

• As me n t ioned e a r l i e r ,  s o l i d  wa s tes from c o a l  a nd o i l  s h a l e  
ope rat i ons a r e  curre n t l y  s ub j e c t  to a b ro ad e xempt ion from 
reg u l a t ion u nd e r  RCRA ; howeve r ,  f i nal reg u l a t ions may c h a ng e  
th a t  c la s s i f i c a t ion . The report c o rre c t l y  i d e n t i f i e s  a 
ma j o r  u n c e rta i n ty concern i ng the c la s s i f i c a t io n  o f  syn f u e l  
was t e  i n to h a z a rdous  o r  nonh a z a rd ou s  c a tegor i e s , wh i ch h a s  a 
s ig n i f i c a n t  impac t on t i m i ng , cos t ,  a nd s i t e  s e l e c t ion . 

• Al though the NPC recog n i z e s  tha t  syn f ue l  w a s t e  d i spo s a l  
generates unu s u a l  prob lems i n  vo l ume a n d  t o  s ome e x te n t  i n  
compos i t io n , they a re prob lems t h a t  c a n  and w i l l  b e  managed . 
Many other prob lems are not new and h ave b e e n  add r e s s ed 
d ur i ng many ye a rs o f  i nd u s tr i al expe r i e nc e ; t hu s  the know­
l ed g e  g a i ned i n  o l d e r  b u t  r e l a ted i nd u s t r i e s  w i l l  b e  appl i ­
cab le .  I n  add i t io n , the ext ens ive t e s t i ng a nd deve l opme n t  
work o n  syn f u e l  wa s t e  s treams b e i ng unde r t ak e n  b y  gove rn­
me nt , academi a ,  a nd i nd u s try i s  cont i nu i ng t o  ad d to th a t  
know l ed g e . 

• The d i f f i cu l ty i n  ob ta i n i ng approved d i s pos a l  s i t e s  for b o th 
nonh a z a rdous  and h a z a rdou s wa s te s  i s  not emphas i ze d . S i t i ng 
i s  r ap id l y  b e c om i ng a s e r i ou s  prob l e m  for i nd u s t ry i n  g e n­
e ral a nd w i l l  c e rt a i n l y  b e  a ma j o r  f a c t o r  i n  the syn t he t ic 
f u e l s  i nd u s try . 
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Hea l th and S a f e ty Concerns 

Prev i o u s  d i s c u s s ion in th i s  report h a s  emph a s i z ed t h a t  the  
hea l th and  s a fe ty r e l a t ed i s s ue s  w i l l pose some o f  t h e  mos t impor­
t ant a nd d i f f i c u l t  q ue s t ions to be res o l ve d  by the synthe t i c  f ue l s  
i nd u s t ry and the  p ub l ic i n  genera l . The DOE repo r t  re cogn i ze s  tha t 
one o f  the mos t  c r i t i c a l  f a c tors s ur round i ng t h e  syn the t ic f u e l s  
i nd u s t ry i s  t h e  reg u l a tory a n d  h e a l th e f f e c t s  unc e r ta i n ty a nd i t s  
pot e n t i al dampe n i ng e f fe c t  o n  deve l opme nt . 

Reg a rd i ng t h e  e x i s t i ng laws and/or reg u l a tory age n c i e s  t h a t  
add r e s s  h e a l th a nd s a f e ty concerns i n  the synth e t i c  f ue l s  i nd u s try , 
the DOE report l i s t i ng i s  i ncompl e te . Al l o f  t h e  fo l l ow i ng laws o r  
t h e  reg u l a t i o ns i s s ued u n d e r  them can b e  u s e d  to foc u s  a t te n t i on on 
any heal t h  and/or s a fe ty prob lem t h a t  cou l d  a r i se , wh e the r of a 
pub l i c  h e a l th , worke r prote c t ion , o r  pro d u c t  s a fe ty na t ur e . 

• C le a n  A i r  Ac t ,  pr imar i l y  unde r S e ct ions  1 0 8 , 1 0 9 , 1 1 1 , 1 1 2 , 
and t hrough EPA ' s po l i cy d ocume n t  to con t ro l  a i r  c a rc i nog e ns 

• N a t ional Emi s s i ons S t and ards Ac t ( T i tl e  I I  o f  the  C l e a n  A i r  
Act ) , pr i ma r i l y  unde r S e c t ions 2 0 2 ,  2 1 1 , 2 3 1 , and  3 0 3  

• C le a n  Wa t e r  Act a nd Federal  Wa t e r  Pol l u t i o n  Con t ro l  Ac t 

• S a fe Dr i nk i ng Wa ter Act 

• Re source Cons e rv a t ion and Recove ry Act 

• Tox i c  S ub s t a nc e s  Con tro l Ac t ,  pa rt i c u l ar l y  S e ct i o n s  4 ,  5 ,  6 , 
a nd 7 

• O c c upa t ional S a f e ty a nd H e a l t h  Ac t 

• M i ne S a f e ty a nd He a l t h  Act . 

I n  ad d i t ion to t h e s e  s t a t u tes , the  F e d e ral  H a z a rd ou s  S ub s tances 
Act , the Cons ume r P rod u c t  S a fe ty Ac t ,  and oth e r  l aws adm i n i s te re d  
b y  the  Cons ume r Prod u c t  S a f e ty C ommi s s ion c ou l d  b e  u se d , o n  t h e  
bas i s  o f  h e a l t h  conce rn s , to reg u la t e  var i ou s  a s pe ct s  o f  the syn­
the t ic f ue l s  i nd u s t ry a nd/or i ts prod u c t s . I n  part i c u l a r , t he 
Tox i c  S ub s t an c e s  Contro l  Ac t gra n t s  ve ry b road a u t ho r i ty to E PA for 
the reg u l a t io n  o f  a ny c h em i c a l  s ub s tance prod u c ed i n  the syn th e t i c  
fue l s  i nd u s try . S im i l a r l y , the Oc cupat i o n a l  S a f e ty a n d  H ea l th Ac t 
a nd t he M i ne S a fe ty a nd H e a l t h  Ac t prov i d e  v e ry b road a u t ho r i ty for 
the reg u l a t ion o f  o c c u pa t i on a l  h a z a rd s . 

Thu s ,  wh i le there are c e r t a i n ly u nknowns o r  unce r ta i n t i e s  
a s soc i a ted w i th syn f u e l  prod u c t s  and proce s s e s , t h e r e  a re e x i s t i ng 
l aws t h a t  could con tro l them i f  nec e s s a ry . Howeve r , t h e  e x i s te n c e  
of t h e s e  b road l y  s tr u c t ured s ta t u t e s  ad ds t o  t h e  u n c e r t a i nty t h a t  
d e v e lope rs f a c e  s i nc e  t h e  lack o f  reg u l a tory r e s tr i ct i on o r  con t rol 
today is  no guarantee t h a t  s uch cons tra i n t s  w i l l  not be added 
l a t e r . Th i s  d u a l  u n c e r t a i n ty i s  not emphas i ze d  in the DOE repor t .  
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L i kew i se , the DOE repo r t  does not recog n i z e  t h a t  the  a c c u r a t e  as­
ses sme nt of pos s ib le h e a l t h  e f fe c t s  a s so c i a t e d  w i th the s yn th e t i c  
fue l s  i nd u s try a nd i t s prod u c t s  i s  a cont i nuou s pr oce s s  a nd i s  c om­
pl ica ted by the d e ve l op i ng n a t ure of h e a l th s c i e n c e  t e chno l ogy , th e 
po s s ib le i nt e rac t i ons w i th other s ub s tanc e s , a nd t h e  e f fe c t s  o f  
d i f fe re n c es i n  l i fes tyl e s . 

The DOE repo r t  ignores the d i f f i c u l t  b u t  nec e s s a ry t a s k  o f  
b al a n c i ng r i sk s  a nd b e ne f i t s . At e ach s tag e  o f  d eve l opme n t  a 
conc e ns u s  j udgme n t  tha t b a lances the i n ev i t ab l e h e a l th a n d  s a fe ty 
r i sks mu s t  b e  we ighed aga i ns t  the n a t ional b e ne f i ts of syn f ue l  
developme n t . 

Soc i o- E conom i c  I mpa c t s  

The DOE repo rt re c ogn i ze d  t h e  importance o f  soc io-econom i c  
impac t s  d ue t o  the deve l opme nt of syn the t i c  f ue l s . A s i ng le 
comme rc i a l - s i z e s h a le o i l  ope ra t ion w i l l  emp l oy a s  many a s  2 , 0 0 0  
to 3 , 0 0 0  peop l e . I n j e ct ion i n to commun i ty l i fe o f  the s e  worke rs , 
the i r  f am i l i e s , a nd the peopl e who w i l l s e rve them wou l d  c ause  
s e r ious read j u stme n ts i n  ex i s t i ng c i t i e s  of c o ns i d e r ab le s i z e . 
I f  the i n f l u x  o c c u rs i n  an a re a  wh ere there i s  no town , o r  whe re 
e x i s t i ng commun i t i e s  a re smal l ,  s uch as in  the P i c e ance B a s i n  of 
Co lorado , the growth can be overwh e lmi ng . 

Th i s  growth c a n  c a u s e  c a s h  f low prob l ems for the loc a l  c om­
mun i t i es and s ta tes . A s ig n i f i c a n t  amo u n t  of a id , prev i o u s l y  
expe c t ed from t h e  fede ral g ove rnme n t , i s  n o t  l i ke l y  t o  b e  forth­
com i ng . 

Lo cal a nd s t a te gove rnme nts  have o t h e r  al t e rna t ive s , howeve r .  
Wes tern s ta t e s  l ike Colorado and Utah re ce i ve roya l t i e s  from fed­
e ral land resource deve l opme n t ;  3 7  1/2  pe rce n t  o f  these funds a re 
earma rked for road s a nd schoo l s . An ad d i t i o n a l  1 2  1 / 2  pe r c e n t  wa s 
e a rmarked a few ye ars ago for energy impac t  a s s i s tance , a l though 
o i l  s h a l e  tru s t  f u nd mon i e s  are not o r i e n t e d  toward s uch i mpac t  
a id . Di s tr ib u t ion o f  t h e s e  funds c o u l d  b e  mad e mo re eq u i tab le .  
Al so , s ta tes i mpose eq ual b orrowi ng l i m i t s  on the i r  c o u n t i e s  a nd 
towns h ips fo r commun i ty improveme nts , reg a rd le s s  o f  the con t r ib u­
t ion of those coun t i e s  and townsh ips to s ta t e  r e v e n ue a nd t h e  i m­
pac t s  they s u s ta i n  thereb y . Th e s e  l im i t s  cou l d  b e  i nc re as ed or 
we igh ted to re c og n i z e  the s e  con tr ib u t ions and  impa c t s . For ex­
ampl e ,  in Co lorad o  t h e re is a l im i t o f  $ 2 0 0 , 0 0 0  pe r coun ty , ye t R i o  
B lanco County , Co lorad o , wa s the s i t e  o f  m i ne r a l s  prod u c t i on for 
many ye a rs , s u f f i c i e n t  to make $ 1 2  m i l l i on pe r y e a r  in m i n e r a l  
roya l t i e s . The s t a te l im i t s  are more res tr i c t i ve than f e d e r a l  l aw ,  
howeve r ,  wh ich g i ves  the  s ta tes autho r i ty to d i s tr ib u t e  one- h a l f 
the leas i ng a nd roya l ty f und s to the c o un t i e s  whe re the v a l ue s  r i s e  
a nd t h e  impa c t s  a r e  mos t  seve r e . 

The fede ral gove rnme n t  c a n  prov i d e  for f ac i l i t a t i ng t rans fe rs 
of federal l a nd ne eded for c ommun i ty d e ve l opme n t . The i nd i v id u a l  
t rans f e rs sho u l d  b e  o f  s u f f i c i en t  s i z e  t o  preve n t  skyrocke t i ng o f  
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l a nd p r i c e s  a s  the  c ommun i ty e xpa nd s b e yo nd i t s o r i g i nal  bound a r i e s  
t o  pr i va te l a nd s . 

S t a t e  a nd l o c a l  gove rnme n t s  can d e v e l op s y s t ems for c o rporate 
prepayme n t  o f  taxe s . Th i s  mech an i sm s hou l d  prob ab l y  i nc l ud e  u t i l i­
t i e s , c o ns truct io n  c ompa n i e s , a nd othe r g roups t h a t  m u s t  part i c i ­
pate  i n  grow i ng c ommun i t i e s . 

An ex amp l e  o f  c ommun i ty plann i ng for o i l  s ha l e  deve l opme n t  
a r e a s  i s  B a t tleme n t  Me s a , a tota l l y  n e w  c ommun i ty und e r  c o n s t r u c ­
t io n  n e a r  Pa rach u t e , C o l or ad o , i n  Garf i e l d  Cou n ty , Co lorad o . I t  i s  
b e i ng d e ve l oped a s  a j o i n t  ven t ure o f  the owne rs o f  the  C o l ony 
Deve l opme n t  oil  s ha l e  proj e ct . I t  w i l l  b e  a n  " ope n "  c ommu n i ty 
rather than a company town . I t  w i l l  b e  a c ompl e te c ommun i ty ,  w i th 
the fo l lowi ng l a nd u se s : 

Land U s e  

Re s id e n t i al 
Schools 
C h u r ch e s  
Comme r c i a l /O f f i c e  
Go l f  Course 
Commun i ty Ope n Spa c e  
Art e r i a l  & Col l e c to r  S treets 

Total  

Re s id en t i al 

Mob i le Homes 
S i ng le F am i l y  Home s 
Town Hou se s  
Apa r tme n t s  

To tal 

P e r c e ntage 

5 7  
4 
1 
3 
6 

2 5  
4 

1 0 0  

U n i ts 

1 , 0 0 0  
2 , 8 0 0  
2 , 1 0 0 
1 , 4 0 0  
7 , 3 0 0  

Othe r c orpora t i ons a r e  part i c i pa t i ng a t  o th e r  l o c a t ions . S ome 
are contr ib u t i ng a s h a r e  o r  are fund i ng empl oyme n t  of town pe rson­
ne l .  S ome are b u i l d i ng hous i ng .  S ome a re g uaran t e e i ng i nc ome f rom 
new hou s i ng u n t i l  amo r t i z a t io n  of the cos t i s  c ompl e te . 

S i t e  S e le c t i o n  

T h e  DOE r epor t  a t t empt ed t h e  mos t  compr e h e n s ive ana lys i s  o f  
fac to rs i n vo l v i ng s i te s e l e c t ion i n  t h e  eme rg i ng synth e t i c  f ue l s  
i nd u s try . The i ncorpo r a t ion o f  analys i s  o f  a i r q ua l i ty ,  wa t e r  
ava i l ab i l i ty and q ua l i ty , so c i o-e conom i c  a s s i m i l a t i v e  capa c i ty ,  and 
ecolog i ca l  d i s tu rb a nce , toge ther w i th s ta te a nd f e d e r a l  reg u l a to ry 
cons tra i n t s , i n to a reg ional b a s i s  i s  un ique . I t  prov i d e s  a n  i n­
s ig h t  i nto the compl e x  prob lems i nvo lved i n  s i t i ng .  Da ta cove rage , 
wh i le somewh a t  o u t  o f  d a t e  tod ay , i s  repre s e n t a t i ve o f  the type o f  
prob lems t h a t  mu s t  b e  ad d r e s sed . As such , i t  prov i d e s  a v a l uab l e  
s e rv ic e . 
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Howeve r ,  t h e  a tt emp t to l i nk al l of the s e  f a c to rs tog e the r to 
pre sent a reg iona l  syn f ue l  impa ct s tudy i n fe rs a fa r more pre c i se 
analys i s  than i s  wa r ranted . Th i s  d oe s  not imp l y  t h a t  the  au tho rs 
we re no t mak i ng reason ab l e  v a l u e  j udgme n t s , b u t  s imply t h a t  i t  i s  a 
nascent i nd u s try , w i th technolog i e s  and cos t s  not ye t c ompl e te l y  
d e f i ned , w i th a r eg u l a tory framewo rk ( b o t h  s ta t e  a n d  f e d e r a l ) t h a t  
has n o t  b e e n  f u l l y  i mpl eme nted , a nd w i th soc i al a n d  po l i t i c a l  p r e s­
s ures that a re n o t  we l l  unders tood . Th e s e  f a c tors , tog e t h e r  w i th 
the u se of mod e l s  a nd a s s umpt ions , a l l  o f  wh i c h  a r e  s ub j e ct to 
error , r e s u l t  in a cumu l a t i ve unce r ta i n ty t h a t make s the pre s e n ta­
t ions me an i ng l e s s . I n  fact , the  repo rt s t a te s , " I t  i s  f a i r  to s ay 
that a d e v e l ope r o f  the c omb i na t ion maps c o u l d  u s e  a n y  o f  a n e a r l y  
i n f i n i te se t o f  c omb i n a t ional r u l e s  and ge t q u i te d i f fe re n t  r e ­
g ional d i sp l ays . "  

Th e NPC appre c i at e s  the d i f f i c u l ty and  unde r s t a nd s  
o f  accuracy o f  the pre s e nt a t ion , b u t  i s  conce rned t h a t  
s ions d e r ived  f rom t h e  pre se n ta t ion may b e  m i s le ad i ng . 
comme nts are summa r i z e d  a s  fo l lows : 

the  deg re e  
the  conc l u­

S pe c i f i c  

• I t  i s  s t a ted t h a t envi ronme ntal  i nf l u e n c e s  may pre c l ud e  
" a t tr a c t ive s i t e s  f rom plant s i t i ng cons i d e r a t i o n s . "  I nd e ed 
there may b e  i n s tances wh e r e  e n v i ronme n t a l  r e s t r i c t ions may 
e l i m i n a t e  a s i t e , b u t  s i te s e l e ct ion i s  b a s e d  upon t h r e e  
factors - - e ng i ne e r i ng f e as ib i l i ty ,  e conom i c s , a nd e nv i ron­
men t a l  cons i d e r a t ions . Many o f  the e n v i ronme n t a l  r e s t r i c­
t ions a re i nt e rr e l a ted w i th e conom i c  a nd e ng i nee r i ng 
feas ib i l i ty a nd cannot b e  eval uated w i t h o u t  cons i d e r i ng them 
al l .  As a n  exampl e , mos t  of the syn f u e l  c onve r s ion pro­
c e s s e s  r eq u i r e  wa t e r  not only for c oo l i ng , b u t  a s  a raw 
ma t e r i a l  for  conve r s ion . The s t a t e ' s  r ig h t  to appo r t ion 
wa t e r  s uppl y c a nnot be  cons i d e r e d  so l e l y  e n v i ronmen t a l , as  
there a re s o c i o - e conom i c  impl i c a t ions to t h a t  r eg u l a t io n . 
Hence , i f  wa te r cannot b e  s a t i s fa c tor i l y  ob t a i n ed i n  s u f f i ­
c i e nt qua n t i t i e s , the  s i te i s  not e l i m i n a t ed s o l e l y  o n  envi­
ronmen tal  ground s , b u t  rather on a c ompl e x  i n te rr e l a t ionsh i p  
o f  e nv i ronme nt a l , e conom i c , soc i al , a nd e ng i ne e r i ng f e a s i­
b i l i t i e s . 

• A l though s ta t e  r e l a t ionsh ips are pre s e n t e d  i n  t h e  repor t , i t  
i s  impo rt a n t  not to und e re s t ima te the  i n f l ue nc e  o f  the  
s t a t e ' s  r eq u i reme n t s  in  the d e ve l opme n t  o f  s yn f u e l  ope ra­
t ions . Th e s e  req u i reme n t s  cont a i n  b road b a s e s  o f  l eg i s l a ­
t i ve a c t ions r a ng i ng from t ax s t r u c t u re t o  e nv i ronme n t a l  
reg u l a t ions . Moreove r ,  d u r i ng p ub l i c  h e a r i ng s , pub l i c  
aware nes s and  i n te r a c t ion p l ay a d e c i s i v e  ro l e  i n  the  pat­
t e rn a nd d u r a t ion o f  pe rm i t  acqu i s i t io n . U s ua l ly t h e s e  
hear i ng s  a r e  the  f i rs t  pub l i c  forums whe re pos i t ions  f o r  o r  
aga i n s t  t h e  proj e ct s tart  t o  take fo rm . 

• The s e c t ion on resource a reas i s  u se f u l  f o r  d e f i n i ng coal 
resource geography but i t s  ove r al l use for s i t i ng is  q u e s ­
t ioned . 
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• The r e f e rence to l a rg e  coal-b u rn i ng f ac i l i t i e s i s  u n c l e a r . 
The re i s  no d i s c u s s ion o f  the re l a t i o n s h i p  b e tween t h e  
po te n t i a l  fo r syn f ue l  s i t i ng a nd the  impac t t h a t  C l a s s  I 
area s  w i l l  h a ve on l a rge coal-b urn i ng f ac i l i t i e s  e x c ep t  for 
re f e re nc e  to Tab l e  5 - 1 0 , wh ich v e r i f i e s  t h a t  the i nc r e a sed 
em i s s ion l e ve l s  due to synthe t i c  f ue l  p l a n ts on a n a t i ona l 
bas i s  wou l d  b e  sma l l compared to d i re c t  c omb u s t i o n  source s . 

• The d i sc u s s i o n  o f  i mpa c t s  res u l t i ng f r om u se of a 2 0 0-mi l e  
b u f fe r  rad i u s  n e ed s to b e  g re a t l y  e xpa nded . I f  1 0 0  percent  
of the No r t h e r n  Great  P l a i ns and Four Corners c o a l  a nd oi l 
s h a l e  areas w i l l  b e  s evere l y  or c ompl e t e l y  r e s t r i c t e d  b e ­
cause  of C l a s s  I cons tra i n t s , t h i s  f a c t  n e ed s to b e  empha­
s i z ed b e c a u s e  of i t s  d i sas trou s impa c t  on the n a t i on ' s  
energy s upply .  Such a res u l t  mu s t  b e  f u l l y  e xp l a i ned i n  
the t e x t . 

• The repo r t  q uot e s  a n  Oak Ridge Nat i on a l  Lab ora tory s tudy 
i nd i c a t i ng t h a t  the Bureau of Land Manag eme n t  w i l de rn e s s  
program w i l l h ave l i t t l e  impa c t  o n  f u t ure d ev e l opme n t  o f  
coal resou r ce s . Th i s  i s  s impl y n o t  true . S i nc e  d e s i g n a t ed 
w i l d e r n e s s  a r e a s  wou ld b e  prime cand i d a t e s  for C l a s s  I a i r  
qua l i ty r e d e s i gn a t ion , the  impa c t  cou l d  b e  ve ry g r e a t . 

• The 1 9 7 9  S RI a n a l ys i s  i s  quoted a s  f i nd i ng t h a t  " the 
No rthern G re a t  P l a i ns are r e l a t i v e l y  fre e o f  f e d e ra l  l a nd s . "  
Th i s  s t a teme n t  appe ars i nac cura te s i nce the repor t  d e f i n i­
t ion o f  Northern Gre a t  P l a i ns i nc l ud e s  Mon t a na and  Wyom i ng , 
wh ich c o n t a i n  e x t e ns ive federal l a nd s . 

• The s e c t ion on coal m i n i ng env i ronme n t a l  i mpa c t s  pa i n t s  a n  
ove r l y  b le ak p i c t ure o f  the impa c t s  o f  s u r f a c e  c o a l  m i n i n g � 
e . g . , " c re a tes  v a s t  was t e l a nd s . "  I t  i s  sugge s t ed t h a t  a 
more b a lanced appro ach b e  take n �  a f te r  a l l , i t  i s  e s t i mated 
that e x t r ac t ion o f  coal , our greate s t  n a t i onal  e n e rg y  r e­
source , w i l l  d i s turb appro x imat e l y  O . b 0 3 5  pe r c e n t  ( 1 2 5  
sq uare m i l e s ) o f  the u . s .  s ur f ace area  pe r y e a r . F u r t he r­
more , al l new s ur f a c e  m i n i ng mu s t  con form to s tri c t  r e g u l a ­
t io ns , wh i ch w i l l  r e t u r n  t h e  l a nd s  t o  o t h e r  prod u c t i ve u s e  
a f te r  c o a l  i s  removed . 

RECOMMENDATIONS FOR F UTURE E F FORTS 

Wh i l e  the need for ad d i t ional repo rts  i s  que s t ioned , t h e  N PC 
recommend s tha t , should add i t ional report s  be u nd e r ta ke n , the  scope 
of the analys i s  be b r i e fer , i s s ue-orien ted , or s i te s pe c i f i c , 
rather than a l l - i n c l u s ive . A separa te ana ly s i s  s h o u l d  b e  made for 
e ach techno l ogy : o i l  shal e ,  coal convers ion , and b ioma s s . Separ­
ate analyses wo uld  avo id the trea tment of d i s s im i l a r  probl ems a s  
e qua l l y  c r i t i c a l , a nd a c l e arer knowl ed ge wo u l d  b e  g a ined  o f · the 
part i c u l ar n e e d s  of each technology . 
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Fa ctors tha t a r e  s i te spe c i f i c  sho u l d  no t be t r e a te d  i n  
general i t ie s , b u t  b y  i nd i v i d u a l  d i s c u s s ion o f  t h e  mag n i t ud e  a nd 
s ig n i f i c ance o f  e ach f a c tor , d e l i ne a t i ng a l l  cr i t i c a l  f a c to r s  i n  
a n  i temi zed and compl e te manne r . 

Furth e r , al l coal  conve rs ion pro j e c ts s hou l d  not b e  t re a te d  to­
ge the r .  Mod i f ied in s i tu a nd i n  s i tu o i l  s ha l e  proj e c t s  s hou l d  
a l so be tre a t ed s epa ra t e l y . T h e  var i ous e nv i ro nme n t a l  cons i d e ra­
t ions sho u l d  then be d i sc u s sed a s  appl i ed to each s e p a r a te technol­
ogy . Where there are var i ou s  s t a t e  l aws t h a t  h a ve a f ur th e r  i mpa c t  
o n  deve l opme n t , f ur t h e r  analys i s  b y  s t a t e  shou l d  b e  pre s e n t ed . 

I s sues  o f  I mportance 

In  wr i t i ng a n  analys i s  that w i l l  a f fe c t  the  d e ve l opme n t  o f  a 
c r i t i c al i nd u s try , care mu s t  b e  t aken to a s s ure t h a t  the d ynam i c  
nature o f  the facto rs t h a t  i nf l ue nce t h a t  deve l opme n t  i s  prope r l y  
and comp l e t e l y  i d e n t i f i ed . Reg u l a t ions h ave b e e n  c o n s tan t l y  c h a ng­
i ng , and the  technolog i e s  h ave been s t e ad i l y  d e v e l op i ng ; t h e s e  two 
importan t f a c tors mus t b e  t aken i n to accoun t . 

Chang i ng Reg u l a tory and Leg i s l a t ive Framework 

Not o n l y  are s ome of the r eg u l a t i ons tha t a f fe c t  synth e t i c  
fue l s  i n  the forma t i ve s t age , u n c e r t a i n ty a l s o  e x i s t s  b e ca u s e  of 
the pos s ib i l i ty o f  new r eg u la t ions or r e v i s i on o f  r eg u l a t ions  a s  
ma nd a t ed b y  law a s  i n  the c a s e  o f  the C l e a n  A i r  Ac t .  

A pre s e n ta t io n  o f  an ove rv i ew o f  the nece s s a ry r eg u l a t ions 
govern i ng the d e ve l opme n t  o f  synth e t i c  f ue l s  wou l d  r e v i ew thos e 
reg u l a t ions t h a t  a re curre n t l y  i n  place a nd cou l d  ad d r e s s  tho s e  not 
ye t formu la ted . An ove rv i ew of the Na t i o n a l  E nv i ro nme n t a l  Po l i cy 
Ac t ,  Clean Air Ac t ,  Re source Cons e rva t io n  and Recovery A c t , Tox i c  
Sub s tances  Con tro l  Ac t ,  S u rface M i n i ng Control a nd Rec l ama t ion Ac t 
( wh e re appl i c ab le ) , a nd C l e an Water Ac t wou l d  e s tab l i sh the b a s i s  
for n e c e s s ary a c t ion req u i re d  for the d ev e l opme n t  o f  a par t i c u l a r  
technology . 

Further res tr i c t i ons to e ne rgy deve l opme n t  h ave b e e n  appl i ed b y  
s ta te a nd l o c a l  reg u l a t ions . These can on l y  b e  d e a l t  w i th i n  a 
s i te-spe c i f ic ma nne r . They a l so need to b e  t r e a t ed , toge the r w i th 
an a n a l ys i s  of s ta t e  a nd loc a l  coope ra t ion , w i th n a t i o n a l  req u i re­
me n t s . EPA ' s pr ior i ty e ne rgy proj e ct s  pe rm i t t i ng proce s s , a nd 
Co lorad o ' s  J o i n t  Rev i ew Proc e s s , a nd other s ta t e  pe rm i t t i ng pro­
cesses  need to be d e sc r ib ed . 

Once the reg u l a tory framewo rk i s  d e f i ned , the  s ub s eq u e n t  l og i ­
cal  s t ep i n  the a n a l ys i s  i s  the d e termi na t i on o f  d a ta ava i l ab l e t o  
me e t  those reg u l a t io ns . 

Tech n i c a l  Con s i d e r a t ions 

E x te ns ive work has b e e n  performed b y  deve l ope rs o f  proce s s e s  o f  
t h e  va r i o u s  t e chno l og i e s . Whe r e  ava i l ab l e , the s e  d a ta s h o u l d  b e  
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u sed a s  the pr ima ry d a ta for the repo r t . I n  ad d i t io n , DOE a nd EPA 
h ave pub l i sh ed e x �e ns i ve reports  con t a i � i �g ava i l ab l e  d a t a  • .  o t h e r  
s o u r c e s  f o r  d a t a  I n c l u d e , b u t are not l im i ted t o , t h e  f o l l ow i ng : 

• DOE repo r t s  for e ach proj e c t  s ponsored b y  DOE 

• Env i ronme n t a l  I mpact  S t a teme n t s  

e EPA 

Env i ronme n t a l  Repo r t s  

I nd u s tr i al E n v i ronme ntal  Re s e a rch Lab o ra tory Repo r t s  
Po l l u t ion Control Gu idance Docume n t s  
E PA ' s P r i o r i ty E n e rg y  Proj e c t  Trac k i ng S ys t em S t at u s  
Reports  

• L ib rary o f  Cong r e s s  Re search S e rv ic e  

• Na t io n a l  T e chnolog y  Ce n te r  

• B u r e a u  o f  M i n e s  

• N a t ional I ns t i t u te for Occupa t ional S a fe ty a nd H e a l th 

• Are a  O i l  S h a l e  S upe rvi sor O f f i c e  

• Ame r i ca n  Pe t ro l e um I ns t i t u te 

• Rocky Moun t a i n  O i l  & Gas As soc i a t i on 

• S ta te source s  s uch a s : 

S i t i ng Comm i s s ions 
Pe rmi t Appl i c a t io ns 
Land M i n e  Re c l amat ion Board s 

• Syn the t i c  F ue l s  D a t a  H andb ook . 

A n umb e r  of proc e s s e s  h ave ongoi ng programs to d e t e rm i ne d a t a  
ava i l ab le from p l a n t s  c u r re n t l y  i n  ope ra t ion . EPA h a s  h ad a mon i­
tor i ng program of t h e  Ko sovo coal gas i f i ca t i on p l a n t  unde rway a nd 
add i t ional  mo n i to r i ng h ad b e e n  pla nned a t  Kosovo f o r  the T e n ne s s e e  
Val l e y  Au thor i ty ( TVA ) med i um-Btu  plan t . 

I n  the c a se o f  e m i s s ions , s pe c i f i c  proc e s s e s  i n  e a c h  t e c h no l ogy 
mu s t  b e  ad d r e s s ed s i ng u l a rl y  a nd not i n  un i son . P re s s ur e , t empe r­
a t u r e , and feeds toc k  var i a t ion can c au s e  ch anges  i n  the prod u c t  o f  
a s ing l e  proce s s .  Conseque n t l y , d e a l i ng i n  g e n e ra l i t i e s  s hou l d  b e  
a vo i d ed a n d  s pe c i f i cs ad d re s s ed a s  compl e t e l y  a s  pos s ib l e . 

Re cogn i z i ng th i s , E PA a t t empted to de t e rm i n e  th e need  for 
g u i d e s  fo r the synthe t ic f ue l s  i ndus try a nd b e g a n  prepa ra t ion of 
Po l l u t ion Con tro l Gu idance Docume n t s , wh i ch a re to h ave two key 
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purpos e s : to a id pe rm i t w r i t e rs i n  prepa r i ng r e a l i s t ic , c ompre he n­
s i ve perm i t s  for the  ene rg y  i nd u s t ry b y  d e s c r ib i ng a nd c h a ra c te r i z ­
i ng proj e c t ed wa s te d i sch a rge s from t he va r i o u s  e n e rg y  t e ch no l og i e s  
under d e v e l opme n t  a nd b y  prov i d i ng t h e  b e s t  pos s ib l e i n forma t i on on 
the expe c t ed cos t and pe r forma nce o f  the v a r i e ty of c o n t r o l  op t ions 
tha t appea r  app l i c ab l e ;  and to prov i d e  g u i d an c e  to the ene rg y  i n­
d u s try i ts e l f  reg a rd i ng the  k i nd s  o f  e nv i ronme n t a l  impac t s  o f  c o n­
cern to EPA for e ach k i nd o f  f ac i l i ty ,  the  c on t ro l  opt i o n s  t h a t  EPA 
has de emed to be pot e n t i a l ly appl i c ab le ,  a nd E PA ' s proj e c t i o ns o f  
prob ab le cos t pe r formance o f  t h e  var i ou s  op t io n s . 

As planned i n  e a r l y  1 9 8 1 , e a ch Po l l u t ion Con t r o l  G u i dance Docu­
me n t  w i l l  cons i s t  o f  thr e e  vo l ume s . Vo l ume I w i l l  be a s umma ry 
report i n c l ud i ng re c omme nded po l l u t ion con tro l t e c h no l og y  opt io n s  
a nd rela ted cos t s ; Vol ume I I  w i l l be a d e t a i l ed repo r t  d e sc r i b i ng 
pol l ut a n t s , wa s te s tr e ams , a nd a l te rn a t i ve con t ro l  op t ion s , i nc l ud­
i ng cos t a nd pe rforman ce ; a nd Vo l ume I I I  w i l l  be an appe nd i x  p ro­
v i d i ng the d a t a  b a s e  for s tr e am and pol l u t a n t  chara c te r i za t i on and  
control  cos t s  a nd pe rformance . Al t hough the  a c t ua l i s s ua nc e  of 
these docume n t s  h a s  b e e n  d e l ayed a nd they may n o t  b e  i s s u ed at al l ,  
the E PA s ta f f  has a c cumu l a ted cons ide rab le i nf o rma t i o n  o n  po l lu t ion 
control op t io ns fo r the synth e t i c  f u e l s  i nd us t ry . Th i s  i n forma t i on 
wi l l  pres umab l y  b e  ava i l ab le a s  a refe rence and d a t a  s o u r c e  a nd 
should b e  u t i l i z e d  i n  f u ture repo rt s . 

Hea l th and S a fe ty Cons i d e r a t i on s  

S i n c e  t h e  h e a l th and  s a fe ty i s s ue s  w i l l  b e  s ome o f  t h e  mos t  
important and d i f f i c u l t  to b e  confronted a nd s o l ve d  b y  i nd u s try , 
gove rnme n t , and the pub l i c , f u ture repo r t s  s h o u l d  focu s  d i rec t l y  on 
these prob lems i n  a s epa ra te s e c t ion devo t ed t o  them . More a t te n­
t ion should b e  d i r e c t ed towa rd the impo r t a nc e , unc e r t a i n t i e s , a nd 
pote n t i al i mpa c t s  o f  heal t h - r e l a ted concerns . D i sc u s s i o n  o f  the 
heal th i s s ue s  a s soc i at ed w i th syn f ue l  d e v e l opme n t  c ou l d  prob ab l y  b e  
done mos t  conve n i e n t l y  b y  focu s i ng on the pe op l e  a f f e c t e d  a nd o n  
t h e  s ta tutes  that can b e  u s ed t o  reg u l a t e  the  i nd u s t ry . 

H a z a rdous s ub s ta n c es are s a fely manu fa c t ur ed a n d  u s ed i n  re­
l a ted i nd u s tr i es . Re l a ted technology t h a t  cou l d  be u sed in the 
syn the t i c f u e l s  i nd u s t ry s hould b e  d i scus s ed . Wh i l e  ma ny a s pe c ts 
of the syn the t ic f ue l s  i nd u s try , i ts produc t s ,  a nd i ts proce s se s  
are s im i lar to o r  the s ame a s  t hose found i n  o t h e r  i nd us t r i e s , 
there are ce rta i n  to b e  some d i f fe re nce s . F u r t he r ,  s i nc e  the  
comb i n a t ion o f  prod u c t s  and  proc e s s e s  is  u n iq u e , the  con t i nu i ng 
n a ture of the h e a l t h  a nd s a f e ty eva l u a t ion proce s s  s hou l d  b e  d i s­
cussed . Wh i le s ome pote n t i a l  prob lem a r e a s  c a n  b e  i d e n t i f i ed , c on­
tro l led , a nd reg u l a ted a s  plants  are b u i l t  and t h e  i nd u s t ry i s  
s tarted , f u t ure repo r t s  should recogn i ze t h a t  new , u n e x pe c te d  prob ­
l ems c a n  a r i se and t h u s  shou l d  focus on the need for con t i nuou s 
re-eva l ua t ion . S uch a n  o ngo i ng prog ram e x i s t s  i n  oth e r  i nd u s t r i e s  
a nd i s  to be expe cted i n  the syn t he t i c  fue l s  i nd u s try . 

The Na t ional I n s t i tu te for Occupa t ional S a f e ty a nd H e a l t h  h a s  
contracted for compre h e n s i ve i nd u s t r i a l  hyg i e n e  s u rveys , wh i c h  
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sho u l d  b e  add r e s s e d . B a t t e l le Pac i f i c  Northw e s t Lab s h a s  c omp l e ted 
a nd is con t i nu i ng programs in t h i s  area . Los A l amos S c i en t i f i c  Lab 
h a s  a n  I n teg r a ted O i l  S h al e  H e a l t h  and E n v i ronme n t a l  P rog ram u nd e r­
way . P i t tsb u rg h  Ene rg y  Te chnology C e n t e r  a nd A i r Prod u c t s  and 
Chem i ca l s , I n c . h ave cond u c t ed r e l a ted s tud i es a l s o . Re s u l t s  o f  
these e f forts s ho u l d  b e  r e v i ewed a nd i nc l uded i n  a ny f u t u re ana ly­
s i s . The E I S  for spe c i f ic proj e ct s  are a sour c e  o f  wh a t  i s  und e r­
way a nd wha t h a s  b e e n  c omp l e t e d  i n  the s e  a r e a s . 

A s s e s sme n t  o f  R i s k  

I f  t h e  f u t ure repo r t s  are to f unct i on a s  pr imary i n forma t i on 
source s , i t  wou l d  b e  h e l p f u l  i f  they cont a i ned a l i s t  and/or de­
scr ip t ion of the areas o f  the synth e t i c  f ue l s  i nd u s t ry l ik e l y  to 
pre s e n t  the mos t  s ig n i f ic a n t  r i sk s . The repo r t  cou l d  t h e n  foc u s  o n  
a l terna t i ve me cha n i sms f o r  con tro l l i ng them . I d e a l l y , a me t hod f o r  
analy z i ng both  r i sk s  a nd b e ne f i t s wou l d  b e  the  s ta r t i ng po i nt .  T h e  
d i f f i c u l t y  o f  s u ch a formal ana lys i s  i s  recogn i z ed , b ut even  a n  
a t temp t a t  s uch a n  a n a l ys i s  wou ld prove u se fu l . 

S i nce the syn the t ic f u e l s  i nd u s try i s  b y  c ompar i so n  to o t h e r  
Ame r i c an i nd u s t r i e s  a new e nd eavor , the oppo r t u n i ty e x i s ts to co l ­
l e c t  i nforma t ion from a n  e a r l y  s tage . Th us , a ny f u t ur e  DOE repo r t s  
should i nc l ude a s e c t ion o n  d a ta col le c t ion , s uch a s  mon i to r i ng and 
tes t i ng r es u l t s , a nd a n a l ys i s . Th is s e c t ion shou l d  i nc lu d e  a 
d e s c r ipt ion o f  " s t a t e  o f  the a r t " te s t i ng a nd mon i to r i ng a nd any 
recommend a t ions ab o u t  how s uch tes t i ng , mo n i to r i ng , a nd/or analys i s  
shou l d  b e  done . 

Soc i o- Econom i c  Ana lys i s  

C umu l a t ive e f fe c ts o f  d e ve l op i ng more t h a n  o n e  pro j e c t  i n  a n  
area  can h a v e  l a rge so c i o- e conom i c  impac t s , e spe c i al ly i n  the c a s e  
o f  o i l  s h a l e  d e ve l opme n t . A co ns ide rab l e amoun t o f  work h a s  b e e n  
done b y  i nd i v i d ua l  c ompan i e s t o  m i t ig a t e  t h e s e  impac t s  a n d  s hou l d  
b e  i nc luded . Good sources  o f  the so c i o-econom i c  a s pe c t s  o f  d e ve l ­
opme n t  are the E I S  o r  De ta i l e d  Deve l opme n t  P l a ns fo r a s pe c i f i c 
pro j e c t . Onc e more , s i te - spe c i f ic tre a tme n t  i s  ab so l u t e l y  n e c e s ­
s a ry f o r  real i s t i c  a n a l ys i s . 

DOE and EPA Coord i n a t ion 

Memos of und e rs tand i ng b e tween DOE a nd EPA i l l u s tr a t e  the i r  
coope ra t ion i n  the  syn f ue l s  area . The s e  e f fo r t s  w i l l  red u c e  adm i n ­
i s tr a t ive cons tra i n t s  t o  t h e  deve l opme nt of t h e  syn t he t i c  f ue l s 
i nd u s t ry , b ut f u rthe r  coope r a t ion i s  nec e s s a ry . S pe c i f i c a l l y , DOE 
and EPA s ho u l d  prov i de the pub l i c  w i th a c c u r a t e  i nf o rma t io n  a nd 
access to ava i l ab l e  d a t a  wh i c h  would b e  o f  h e lp to the  d e ve l op i ng 
i nd u s try . 

Fu ture Reports 

Tab l e  D- 1 o u t l i ne s  the NPC ' s  sugge s ted f o rma t fo r a ny s imi l a r  
report o f  t h e  syn t he t i c  f u e l s  i nd u s try a nd i t s  e n v i ro nme n t a l  
cons i d e r a t ions cond uc t ed i n  the future . 

D- 2 8  



TABLE D- 1 

Sugge sted Format for Report o n  

S yntheti c  Fue l s  and the E nvironment 

I .  Summary 

A .  S cope of Analysis 

B.  Technol ogy Analys i s  

c .  Con trol Costs 

D .  Re gul atory Analys i s  

1 .  Re search a nd Mon i toring to Support Regulat ions 

2 .  Sit ing Impacts 

E.  Environmental Impact s Anal ys i s  

F .  Permit Timing 

G. Speci f ic F i ndings 

I I .  Study Description 

A .  Purpose of the Study 

B .  Scope and Methods o f  Anal ys i s  

1 .  Techn ologi e s  Cons idered 

2 .  Assumptions 

C .  I nformation D i f ferences 

1 .  Regulatory Analys i s  

2 .  Technol ogy An alys i s  

3 .  S iting Opportunities Analys i s  

4 .  Permitt ing Opportun i ties An al ys i s  

D .  L imits of Study Scope 

I I I .  The Technologies a nd The ir Environmental Concerns 

A .  I ntr oduc tion 

B .  O i l  Shale 

1 .  Surface Oil Shale Re tort ing 

2 .  Modi f i ed In S i tu Re to rting 

3 .  In S i tu Re to rt ing 

4 .  Ma j o r  Environmental Conc erns 

c .  Coal Co nvers ion 

1 .  D ir ect L ique faction 

2 .  High and Medium Btu Ga s i fication 

3 .  Low Btu Gas i f icat ion 

4 .  Ma j or Environmental Concerns 

D .  Biomass Convers ion 

1 .  Ethanol From Grain 

2 .  Methanol From Wood 

3 .  Ma j or Envir onmental Concerns 

E .  Urban waste 

1 .  Ma j or Environmental Concerns 

F .  Product Upgr ading 

G. Emi s s ions Data ( Re sul ts of Monito r ing Studi e s , Whe r ever 

Pos s ib le ) 

1 .  Sur face Oil Shale Re torting 

2 .  Modi f i e d  In S i tu Re torting 

3 .  In S i tu Oil Shale Re torting 

4 .  D ir e ct L ique fact io n 

D - 2 9 



s .  High and Medium Btu Gasification 
6. Low Btu Gasification 
7 .  Ethanol From Grain 
8 .  Methanal From Wood 
9 .  Urban Waste 

IV. Regulatory and Legislative Analysis 

v. 

A. Resource-Oriented Laws and Regulations 
1 .  Oil Shale 

a .  Prototype Leasing Program 
b .  Permanent Leasing Program 

2 .  Coal 
a .  Federal Leasing 
b .  PSD Permitting 
c .  Surface Mine and Reclamation Act 

3 .  Ecological Concerns 
a .  Forest Service Wil derness Program 
b .  Bureau of Land Management Wilderness Program 

B .  General Permit Requirements 
1 .  National Environmental Policy Act of 1 9 7 0  
2 .  Clean Air Act 

a .  PSD Increments 
b .  Class I Areas 
c .  New Source Performance Standards 
d .  Best Available Control Technology 
e .  Lowest Achievable Emission Rat e  

3 .  Clean Water Act 
a .  Coal Conversion Facilities 
b .  Oil Shale 
c .  Biomass Water Quality Concerns 
d. Western Rivers Salinity Levels 
e. Water Quality Siting Opportunities Constraints 
f .  The Overal l Water Siting Constraints Analysis 

4 .  Occupational Safety and Health Act 
5 .  Mine Safety and Health Act 
6. Federal Hazardous Substance Act 
7 .  Toxic SUbstances Control Act 
8 .  Resource Conservation and Recovery Act 
9 .  Pollution Control Guidance Documents 

1 0 .  Potential Regulatory Issues 
a .  Carbon Dioxide Global Impacts 
b .  Acid Rain and other Long-Range Transport Impacts 

Health and Safety Analysis 
A .  

B .  

Oil Shal e 
1 • Hazards Identification 
2 .  Risk Assessments 
3 .  Monitoring Studies 
4 .  Programs 
Coal 
1 .  Hazards Identification 
2 .  Risk Assessments 
3 .  Monitoring Studies 
4. Programs 

D - 3 0 



I 
I 
I 

c .  Biomas s  

1 .  Ha zards I dentif icat ion 

2 .  Ri sk As sessme nts 

3 .  Mon itoring Studi e s  

4.  Pr ograms 

VI . Environme ntal Impacts An alys i s  ( S i te- Spe c i fi c  As s e s sments ) 

A .  Summary 

B .  Select ion of Re source and S i te- Spe c i fic Areas 

C. Region al Asses sment Areas 

D. Oi l Shale 

1 .  Leasing Opportunities 

2 .  Si te-Spe c i f i c  Exampl es 

E .  Coal 

1 • 

2 .  
3 .  
4 .  

F .  Air 

1 .  

2 .  
G .  Air 

1 • 

2 .  
3 .  
4 .  

Federal Land Management S iting Opportun ities Analys i s  

Land Uns uitable Criteri a ( for Sur f ac e  Min i n g )  

Agr icultur al Lands 

S it e- Spe c i f ic Examples 

Qua l ity An alys e s  

Modeling Conclus ions 

Support ing Air Qua l i ty An alys i s  

Regulations a nd Regional Impacts 

Si ting Opportun ities An alys i s  

PSD Class I Areas 

Coal Mining Impacts 

Summary 

H .  Water Allocation 

1 .  Summary 

2 .  State All ocation Desc ription 
3 .  Water Ava i l ability Requirements 

4 .  We stern Coal and Shale Re gio ns 

5 .  Water Supply Altern at ive s 

6 .  Water An alys i s  for S i ting Opportun ities Cons tr a ints 

I .  Permi t Consolidat ion 

1 .  Environmental Protection Agency 

2 .  State Con so l idation 

3 .  Interstate Concepts 

J. Transportation I s s ues 

VI I .  Socio- E conomic An alys i s  

A. Commun i ty Growth and Change 

1 .  Impacts of Growth - - Pr imary Work Forces 

2 .  General Population Increases 

3 .  A Technol ogy Example of I nduc e d  Communi ty Growth 

4 .  Factors Affect ing Population Inf l ow 

s .  Ef fects on Pub l ic Services 

6 .  E s t imating Re gio nal Ab sorption Capa c i ty 

7 .  Reg ional Analysis 

8. Socio-Economic Findings 

B .  State Problems 

c. Local Pr oblems 

D- 3 1  



APPEN D I X  E 

Executive Summary 
U.S. Arctic Oil and Gas 

( This appendix is reprinted in i ts entirety 
from the 1 98 1  National Petroleum Council report, U.S. Arctic Oil and Gas.) 

PREFACE 
O n  A p r i l  9 .  1 980.  t h e  Na t i o n al 

Petroleum Council  ( N PC ) .  a federal advisory 
comm i ttee to the Secretary of Energy. was 
requested by the Secretary to undertake a 
comprehensive s tudy of Arctic area o i l  and 
gas development. 

I n  requesting the study. the Secretary of 
Energy specified that: 

. . .  the st udy sh ould i nclude: resou rce 
assessment i n format ion: a n  e ngi neering 
economic analysi s  fo r explorat ion.  de­
velopme n t .  and product ion ac t i vi t ies: a 
state-ol� t he-art presentat ion on the ade­
quacy of available recove ry t ech nology 
and prospects for i n nova t i ve technolog_v 
required by t he harsh Arc t i c  cl i mate:  a n  
assessme n t  of t he e nviron mental i m­
pact of Arc t i c  oi l  a nd gas opera t i ons and 
of t he available m i t iga t i ng measures: a 
comprehensive review of t he adeq uacy 
of t he ex i st i ng oi l  a nd gas t ra nsporta­
t ion i n frast ruct ure a nd p roposals for 
improvi ng t h i s  s i t ua t i o n :  a nd a discus­
sion of any i n ternat ional j u ri sd i c t i o nal 
quest i ons t ha t  may affec t  Arct ic area 
development.  

The complete text o f  t h e  Secretary's 
request let ter and a descri p t ion of the 
National Petroleum Council  are provided in 
Appendix A 

To assist in i ts response to the 
Secretary's req uest.  the N PC established the 
Commi ttee on Arctic Oil and Gas Resou rces 
under the chai rmanship of Robert 0. 
Anderson. Chairman of the Board. Atlan t ic 
Richfield Company. Han. Jan W. Mares. 
Assistant Secretary for Fossil  Energy. U.S. 

Depart ment of Energy. served as Govern­
me n t  Cochairman of the Com m i t tee. The 
C o m m i t tee es tabl i shed a Coord i n a t i ng 
Subcommi t t ee and seven Task Groups t o  
provide coord i na t i o n  and tech nical advice 
for t he Com m i t tee. Rosters of these study 
groups are i ncl uded i n  Appendix B. The 
broad members h i p  o f  these groups i ncludes 
re p re s e n t a t i ve s  o f  b o t h  m aj o r  a n d  
i ndepe nden t pet roleum-related com pani es: 
federal. s tate. and local governme n t s: the 
academic comm u n i ty: the envi ro n me n tal 
movement:  o rgan ized labor: consultants: 
and Alaskan native o rganizat ions. As migh t 
b e  ex p e c t e d  w i t h  s u c h  a d i ve rs e  
membersh i p .  all  part i c i pa n t s  d o  n o t  
necessarily e n d o rse e a c h  fi nd i ng a n d  
reco m me nd a t i o n :  however. t h i s  report 
represe n t s  a consensus of the part ici pants' 
views. 

Geographic Area of the U.S. Arctic 

I n  d i scussi ons wi t h  represen ta t i ves o f  
t he U . S .  Depart ment of Energy d ur i ng the 
early stages o f  t h i s  s t udy. the Arct ic  area 
referenced i n  t he Secre tary's request letter· 
was defi ned as seabed and subso i l  under the 
resource j u risd i c t i o n  of the U n i t ed States 
nort h o f  the Aleu t ia n  I slands o ffshore and 
land terri tory north of the Brooks Range 
onshore. Accord i ngly. t h e  terms "U.S. Arctic" 
and "Alaskan Arc t ic" as used in t h i s  report 
i nclude t he Beri ng Sea. a sub-Arc t i c  regi on. 

D u e  t o  d i ffe r e n c e s  i n  p h ys i c a l  
e nvi ro n me n t .  opera t i o nal req u i rements. 
and i ndust ry's expert i se i n  the Arc t ic. three 
geograph ic regions. as shown i n  Figure l .  
were defi ned for t he pu rposes o f  t h i s  s t udy. 
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Region I .  onshore Alaska north of t he Brooks 
Range. is composed of the coastal plains and 
t he foot hi lls  of the B rooks Range. Region I I .  
the Beri ng Sea. i ncludes a b road con t i nen tal 
shelf less than 650 fee t  (200 meters) in water 
depth:  however, t h e  south west port ion of t h e  
region falls off rap idly to extreme water 
depths. Th i s  regi on i s  characterized by 
seasonal i ce and severe storms. Region I I I .  
the o ffshore a rea nort h o f  t he Bering S t ra i t. 
i ncludes the Beaufort  a nd C hukchi Seas. 
Th i s  region also has a con t i nental shelf t ha t  
falls off gradually t o  650 fee t  i n  dep t h  and 
more rapi d ly to greater dept hs.  The majori ty 
of this region is characteri zed by mul t i -year 
ice with i ce ridges t h a t  may reach a 
thickness of 1 50 fee t  ( 45 meters) .  al t h ough 
t he area very near t he coast may be ice free 
for as much as t h ree mon t h s  a year. 

Task Groups 

Seven Task Groups were establi shed to 
provi de speci a l i zed expe r t i se for t he 
development of t h i s  report.  Experts i n  t h e  
areas o f  j u risdict i onal i ssues. resou rce 
assess m e n t .  e x p l o ra t i o n .  p rod u c t i o n .  
transportation.  envi ronmen tal protect ion.  
and economics provided the data and 
support for t h is report . 

The Juri sdict ional I ssues Task G roup 
defi ned. for the pu rposes of t h i s  report . t he 
terri torial and seabed and subsoil  l i m i t s  of 
the U n i ted States i n  the Arc t i c  area. applyi ng 
p r i n c i p l e s  embod i ed i n  i n t e rn a t i o n a l  
agreement s  and i n  t he Draft Convent ion on 
the Law of t he Sea. The Task G roup also 
identified areas of state/federal d i spu te. 
nat ive clai ms. and land w i t h d rawal t hat may 
affect o i l  and gas operat ions i n  t h e  Arct ic. 

The Resou rce Assessment Task G roup 
made es t i ma tes o f  t he conve n t i o nally 
recoverable u n d i scove red oil  and gas 
resources i n  t he Arc t i c. u t i l i z i ng t h e  expert 
opi ni ons of 1 7  organ iza t i ons or i nd i vi d uals 
that responded anonymously to t he N PC 
Assessme n t  of Arctic O i l  and Gas Pot e n t ial 
ques t i o n n a i re .  An i ndependent p u b l i c  
accounting firm aggregated t he su rvey 
resul t s  for 20 geologic. geograph i c. or 

j u ri sd i c t i onal areas. Usi ng M o n te Carlo 
tec h n i q ue s .  t he Task G ro u p  p rovided 
resou rce assessme n t s  for the t otal Arc t i c  
a rea and t h e  t h ree regi ons previously 
described. 

Pe t roleum opera t ions in t h e  Arctic were 
e x a m i n e d  by t h re e  T a s k  G r o u p s :  
Explora t i on.  Prod uc t i on. and Transporta­
t i on. Each of t hese Task G roups developed a 
comprehensive review of all fact o rs related 
t o  A rc t i c o p e ra t i o n s .  e s p e c i al l y  t h e 
l i m i tat ions of conven t i onal met hods and t h e  
opport u n i t ies fo r t h e  devel opmen t o f  
i n nova t i ve t ec h n i q ues t o  b e  used i n  t h e  
Arc t i c. These Task G roups also developed 
cost data on Arc t ic opera t ions and exam i ned 
the e ffec t  of t he A rc t i c  e nvi ronment o n  t h e  
t i mely development o f  oi l  a nd gas resou rces. 

The Econ o m i cs Task G roup u t i l ized t he 
ou t p u t  !'rom t he o t h er Task G ro u ps to 
deter m i ne t he eco n o m i c  a t t rac t i ve ness o f  
selec ted areas a n d  t o  calc u l a t e  t he i r  
ec o n o m i c a l ly a t t a i n a b l e  re so u rc e s .  I n  
addi l i on. t he sens i t ivi ty o f  t hese res u l t s  t o  
changes i n  key paramet ers such a s  t i mi ng 
w e re e v a l u a t e d .  a n d t o t a l c a p i t a l  
req u i remen t s  were est i ma ted . 
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The Envi ron mental Protect ion Task 
Group exami ned t he p hysical a nd b iological 
e n v i ro n m e n t  i n  w h i c h  p e t r o l e u m  
operat ions may occ ur. noted t h e  e ffec t  t hese 
operat ions may have u pon t h e  e nvi ronment.  
exam i ned t h e  risk avoidance and m i t igat ion 
tech n i q ues that can be e mployed to p ro tect 
t he Arc t ic envi ronment .  and iden t i fi ed 
envi ron men t al data needs.  I n  add i t ion. the 
i mpac t of opera t i ons upon Alaskan nat ive 
populat io ns as wel l as legislat i ve and 
regulatory const ra i n t s  t o  oil and gas 
devel opment were s t ud ied . 

The work of t hese seven Task G roups i s  
t he bas is for t h i s report and many of thei r 
fi ndi ngs have been i ncorporated i n to i t .  The 
worki ng papers sub m i t t ed by the i nd i vi d ual 
Task G roups fo r t h e  use of t h e  Coord i na t i ng 
Subcommi t t ee are avai lable from the office 
of t he Nati onal Pet roleu m  Counci l .  A l i s t i ng 
and abst rac t s  of t h ese work i ng papers are 
presented i n  Appendix G. 



Findings and Recommendations 
Findings 

I t  is t he Council 's j u dgment t hat oi l  and 
gas prod uct ion from und eveloped areas i n  
t h e  U.S. Arct ic  could make a significa n t  
con tribu t ion to t h e  na t i on 's fut u re ene rgy 
supply. Th is j udgment is  based on the 
analyses se t for t h  i n  t h i s re port and on t he 
expert i se or t he st udy part icipants. and is 
supported by the following fi ndi ngs: 
• Substantial undiscovered oil and gas 

resources are believed to exist in the 
Arctic regions of the United States. The 
t o tal potent ially recove rable undiscovered 
oi l  and gas resou rces i n  t h e U.S. Arc t i c  are 
est i mated to be approx i ma tely 24 bi l l ion 
barrels of oi l  and l 09 t ri l l ion cubic fee t  of 
total gas. or a total of 44 bil l ion barrels of 
oi l  and oil-eq u ivalent gas. I t  is  also 
est i mat ed t ha t  t here is a 1 percent  
p robab i l i ty t hat t h e t otal u n d i scovered 
recoverable reso u rces i n  t h i s a rea could 
exceed 99 bi l l ion barrel s  o f  oil and oi l­
equivalen t  gas: t here is an est i mated 99 
p e rc e n t  p ro b ab i l i t y t h a t  t h e t o t a l 
u n d i scovered recoverable resou rces will  
exceed approxi mately 1 3  bi l l ion barrels of 
oi l  and oi l-eq u i vale n t  gas. These reso u rces 
cons t i t u te a sign i fica n t  portion of total 
U.S. undiscovered oil and gas. l l  is  fel l  that  
the Arc t i c  Slope and t he. Beri ng. Beaufort. 
and C h ukchi Seas all co n t a i n  bas i ns wi t h  
sign i fican t promise. 

• The basic technology is available to 
safely explore for, produce, and 
transport oil and gas in most of the U.S. 
Arctic. I ndustry experi ence in t he North 
Slope a rea. Cook I nlet .  Gulf  of Alaska. 
Canadian Arc t i c. Nort h Sea. and in ot her 
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cold . hazardous. or deep-wat e r  areas 
p rovides t he basis for t h e  design. con­
s !  ruc t i on .  and operat ion of systems i n  
Arc t i c  regions. Proven techn ology ex ists 
lo r onshore operat i ons. Proven tech nology 
and s u fficient  i n forma t i o n  and tec h n i cal 
expert i se for advanced design work is 
ava i lable fo r t he i n d u s t ry t o  p roceed 
confident ly w i t h  opera t i o n s  i n  water as 
deep as 650 fee t  i n  the sou t h e rn  Beri ng 
Sea and to about  200 fee t  in t he more 
severely i ce-covered a reas of t h e  northern 
Beri ng. C h ukc h i .  and Beau fort Seas. 
These capabi l i  I ies will  allow develop men t  
o f  prospec t i ve a reas i n  all o f  t he north ern 
Be ri ng Sea. most o f  t he sou t hern Beri ng 
Sea. and well out i n to t h e  i ce-covered 
areas of t he C h ukchi  and Bea u fort Seas. 

• Long lead times are required prior to 
production in the Arctic because of its 
harsh climate, remote location, and the 
large scale ofthe projects. Depend i ng on 
t he loca t ion.  a t  least 9 t o  1 4  years wil l  be 
req u i red fo r plan n i ng. permi t t i ng. explo­
ra t i on. developme n t  d ri l l i ng. design work. 
fac i l i ty co n s t ru c t i o n .  and t ra nsportat i o n  
system cons t ruc t i on .  These t i m i ng pro­
jec t i ons are fel t  to be near t he m i n i m u ms 
under i mproved busi ness and regulatory 
cond i t ions:  eve n in a n  eme rgency. devel­
opme n t  could be accelerated by only a few 
years because of t he u nalterable p hysi cal 
obs tacles. 

• Economic analyses indicate that it will 
be attractive for industry to develop 
U.S. Arctic oil and gas if sufficiently 
large resources are found to support 
the costly development, production, 
and transportation systems that are 



required to operate in the region. Oi I 
and gas operat ions i n  t he h ost i le en vi ro n­
ment of t h e  re mote Arc t i c  regions will  be 
much more cos t ly t ha n  t h ose experienced 
in ot her cl i mates. A sign i ficant cost 
assoc iated w i t h  developi ng large resou rce 
vol u mes will  be t h e  major new t ra nsporta­
t i on systems. ei t he r  mari ne o r  p i peli ne. 
req u i red to move t he oil a nd gas to t he 
marke t .  Based on t h e  assu mpt i ons used 
in t hese analyses. it appears t ha t  1 8  to 2 1  
bil l ion barrels of t h e  24 bi l l ion barrels of 
pot e n t i ally recoverable u n d i scovered oil 
will be economically recoverable. Of t h e  
1 09 t ri l l ion cubic fee t  { TC F) of potent ial l�' 
recoverable nat u ral gas and nat u ral gas 
l i q u ids.  68 TC F is non -assoc ia ted and 4 1  
TC F is associa t ed. i .e . .  prod uced wi t h  oil  
fro m t he same reservo i r. Under t he 
assumpt ions used i n  t hese analyses. 1 0  
TC F o f  non -assoc i a t ed gas w i ll be eco­
nomically recoverable. At a I 0 perce n t  ra te 
of re t u rn  cri t erion.  more t h an 22 bil l ion 
barrels of oi l  and oi l -e q u i vale n t  gas a re 
est i mated t o  be economic. Cert a i n  key 
assumptions made a n d  bases established 
i n  these economic a nalyses must be kept 
i n  m i nd i n  i nterp reti ng the economic 
fi nd i ngs since t h ey have sign i ficant ef­
fects on the a nalyses and could yield low­
side est i mates. I n  t h i s  st udy, the more 
complex economi cs of associated gas were 
not evaluated, nor were the economics of 
the i ncremental use of the Trans-Alaska 
Pipel i ne System or t h e  p roposed Alaska 
Natural Gas Transportat i o n  System con­
sidered. The vol u me of economically recov­
erable gas would l i kely i ncrease substan­
t i ally i f  ex ist i ng or plan ned prod uction 
and/or t ransport at i on systems are i n  
place a n d  avai lable a t  t he t i me of develop­
men t .  si nce t he a nalyses assu me grass 
root s  i nvest men t s  are req u i red fo r all oi l  
and gas prod uction and t ra nsport at ion.  
Some i nd i vid ual companies. u t i l iz ing 
thei r own i n ternal assumpt ions and 
assessmen t s. have considerably more op­
t i m istic estimates of economically recover­
able gas. An opt ional por t i on of the NPC 
resou rce assessment su rvey req uested 
part icipant esti mates of the economically 
attainable resources. Li m i ted responses 
suggest that 1 4  b i ll i o n  barrels of oiL 34 
TCF of non-associated gas. and 20 TCF of 
associated gas. or a total of 24 b i ll ion 
barrels o f  oil  and oi l-eq u i valent gas. would 

be economi cally recoverable. Th i s  t o t al i s  
very si mila r  t o  t hat  ob t ai ned by t h e  
detailed a nalyses i n  t h i s  report . 

• Pre-exploratory resource assessment 
or economic analysis, while useful, 
should not be given undue weight in the 
decision to open a basin for leasing. 
U n t i l  a c o n s i d e r a b l e  a m o u n t  o f  
explora t o ry  d ri l l i ng i s  conducted i n  each 
and every basi n. a ny assess ment of 
po t e n t i al reso u rces or eco n o m i cally 
recoverable reso u rces and whe t her t h e  
resou rces w i l l  b e  o i l  and/or gas m ust be 
t aken as a p rel i m i nary est i mate. 

• Several promising sedimentary basins 
extend across international boundaries 
both to the east and to the west The 
bounda1y wi t h  the Sovie t  U n ion i s  defi ned 
by t h e  Conve n t ion of 1 867: no agreemen t  
ex i s t s  a s  t o  t h e con t i n e n t a l  s h e l f  
boundary wi t h  Canada. N o  p rom i s i ng 
areas were ident i fied beyo nd t he seabed 
a n d  s u b s o i l  u n d e r  t h e r e s o u rc e  
j u risd i c t i on o f  t he U n i t ed St ates a s  t h ey 
are defi ned by t he D raft Conve n t ion o n  
t he Law of t h e  Sea. 

• Year-round oil and liquefied natural 
gas tanker operations to ports south of 
the Bering Strait are feasible and 
practical In seve re ice a reas nort h of the 
Beri ng S t ra i t .  year- ro u n d  tanker opera­
l i ons ca n p robably be establ ished. but t he 
abi l i ty t o  mai n t a i n  a con t i nuous u n i n te r­
rup t ed schedule is u ncert a i n. Sign i ficant 
i n t errupt ions o f  t a nker arrivals would 
req u i re add i t ional fac i l i t i es if con t i n uous 
prod uct i on from a fi eld is  to be mai n ta i ned. 
The cos t of t h ese fac i l i t i es or t he loss of 
reven ues res u l t i ng from p roduct ion c u t ­
backs would red uce t h e  a m o u n t  of 
economically recove rable oi l  and gas i n  
margi nal areas. 

• Many benefits can accrue to Alaskans 
from the oil industry's activities in their 
state. Some of t he i ncome from lease 
sales. royal t ies. and t axes will p rovide 
add i t i o nal support for government pro­
grams. I nd ust ry opera t i o n s  have p rovided 
employme n t .  a source for emergency 
medi cal aid.  and com m u n i ca t i ons. I nd us­
t ry perso n nel and e q u i p me n t  have been 
used fo r rescue opera t i ons. and company 
person nel are u s u ally ac t i ve in t he i r local 
com m u n i t ies. 
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• Native interests exert an important 
influence over oil and gas development 
in the Arctic. Th rough t he i r  nat i ve­
owned corpora t i ons. Alaskan nat ives 
con t rol more t ha n  40 m i l l i o n  acres o rl a nd 
t h roughou t  Alaska t ha t  t hey wish t o  see 
developed i n  a ma nner t ha t  wi l l  meet t he ir  
social and fi nancial goals. Subsi stence 
act i vi t ies. part icularly h u n t i ng and fish­
i ng. are of  vi tal i mporta nce in preservi ng 
t he i r  cul t u ral heri t age a nd i n t egri ty. The 
oil and gas i nd ust ry must  be responsive t o  
t hese i n terests .  

• Impacts from oil and gas development 
on the lifestyle of the Alaskan native 
population can be anticipated, man­
aged, and made beneficial by improve­
ments in communication among all 
parties involved and by careful long­
term joint planning. I t  is i n  bot h  t he 
com m u n i t ies· and i nd u s t ry's best i n terest s  
t o  develop good pract ical pla n n i ng capa­
bi l i t ies i n  o rder t o  p repare for fu t u re 
pet roleum developmen t s. Such pla n n i ng 
is necessary t o  help al le via te  c i t  izcn 
concern abo u t  t hei r l i fes t yle a nd l i vel i · 
hood and t o  ma.x i m ize opport u n i t ies for 
t hese c i t izens resu l t i ng from t he devel ­
opme n t  act iv i t ies whi le a\'oi d i 1 1g < tc lverse 
i mpac t s. 

• The Arctic environment is important 
and sensitive, but impacts from the 
development of oil and gas resources 
can be minimized or avoided. The 
ecology in t h is regi on. bot h  onsh ore and 
offsh ore. i s  i m port a n t .  Al t hough accd ­
era tecl ac t i vi t ies i n  u ndeveloped areas wil l  
requ i re an ext e nsion of  ex is t i ng i n forma ­
t ion and tee h nology. no p roblems arc 
perceived t ha t  a re beyond t h e  demon­
s t rated capab i l i ty of t he i n d ust ry t o  solve. 
Prudent  designs a nd met hods of opera ­
t ion wi l l  allow o i l  and gas developme n t  to  
co-exis t  wi t h  com men· ial fisheries. recre­
at ional act iv i t ies. and subsiste nce needs 
that  are dependent on biological resources. 

• A complicated regulatory system cre­
ated by federal, state, and local 
governments to control oil and gas 
activities has delayed and added to the 
cost of Arctic oil and gas development. 
Th is sys tem i s  made more < 'o in plcx by 
ovcrlaJ ;p i ng j ur iscl ic t ions. by l i m i t ccl  coor ­
d i nat ion be t wee n age ncies. <l l ld by t he 

lack o f  a clear feckral pol icy regard i ng 
Arct ic developmen t .  There appears t o  be 
u nani mous agreement by all a ffect ed 
part ies t ha t  t h is regula t or y  syst e m  needs 
to be redesigned. 

Recommendations 

To assist  t he nat ion i n  real i z i ng t he o i l  
a n d  gas pot e n t ial  o f  t he U . S .  A rc t i c. t he 
federal govern ment should i m plement and 
m a i n t a i n  a clear. comprehensive pol icy for 
Arct ic  o i l  and gas developme n t .  Th i s  pol i cy 
should be responsive t o  t he n a t i o nal need 
for domest ic  resou rces. con s i s t e n t  wi t h  
nat ional enET{.(V pol ic ies. Exped i t ed develop­
ment of o i l  < tnd gas resou rces and m ul t i ple 
u se of  Arct ic lands. bot h onshore a nd 
ollsl wre. should be a n  i n t egral part o f  t h i s  
policy. consi st e n t  wi t h  local needs and 
concerns. S t a t e  <.1nd local govern men t s  
should be e ncou raged t o  support t h i s  pol i cy. 
Accord i ngly. t he Counci l  makes t he fol low­
i ng spec i fic  ITco m nwncla t ions :  
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• A stable lease schedule offeringfederal 
Arctic lands for private exploration 
and development should be estab­
lished, with all areas both onshore and 
offshore having oil and gas potential 
included in the schedule. Areas wi t h  t he 
,e;rcat est  pot e n t ial should be sched u led for 
early leas i ng. Sc hecluled lease sales need 
not be d elayed u n t i l com prehensi ve 
i n  format ion o n  p hysical and b iologi cal 
cn\'i ro n incn t al cond i t ions i s  ava i lable. or  
u n t i l speci fic s i te  i n forma t ion is  ava i lable: 
such i n form<.l t ion  can be d eveloped well i n  
ad\'ancc o f  a ny sign i fica n t  o n s i t e  work. 
Adeq uate  p rovis ions ex is t  under prese n t  
law t o  allow wi t l l hold i ngs or  t ract s  wi t h  
poten t i al ly signi l 'ica n t  envi ronmental  
problems u n t i l m i t iga t i ng measu res are 
developecl .  

• The leasing system should be made 
responsive to the unique conditions 
encountered in the development of oil 
and gas in the U.S. Arctic. Each lease 
sale should i ncl ude a s u ffic ien t  amou n t  or  
acreage t o  j usti fy necessary opera t i ng 
syst l' l l 1S. Acreage o ffered for l he n rst sale 
i 1 1  a fro n t ier a rea shou ld cover all major 
explora t ion p rospect fea t u res in t he e n t i re 
basi n or area of i n t erest so as t o  exped i t e  
t he eval uat ion or prospec t i ve a reas. The 
p ri l l l<.l ly lease t er m  for O u t er C o n t  i nc n lal  



Shelf leases should be a t  least  1 0  years 
because remote o pC:'ra t i ng a reas com­
b i ned wi t h  h os t i le c l i mate rC:'q u i re lengt hy 
lead t i me p repa ra t i o n s. An a u t o ma t ic 
.. 

suspension of p rod u c t i o n · ·  p rovi s ion 
should become a part  o f  leas i ng pol i cy so 
that marginal discovered resources can be 
retained by the lease owner until  eco­
nomic transportation can be j ustified. 

• A comprehensive exploratory drilling 
effort extending to all areas thought to 
have undiscovered resources should 
be undertaken by industry to define the 
true oil and gas potential of the U.S. 
Arctic. SC:'ve ral resou rce assessmen t s  of 
t hC:' type:' p repa red for t h  i s  report have bee n 
complC:'tC:'d by o t he rs. Add i t ional s i m i lar 
a nalys<:'s w i l l  not e n h a n ce real k n owledge 
o r  t he rC:'gi o n ' s  resources u n t i l  ! he 
p rom i s i ng a reas have been leased a nd 
tested by d r i l l i ng. a nd i m port a n l nnv da t a  
have bee n ob t a i ned . 

• A specijic existing agency should be 
designated the responsibility for expe­
diting permitting actions in the Arctic. 
A common p roced u re s h ou ld be es t ab­
l i s h ed t o  e n s u re t h a t  bot I I  i t s  own perm i t s  
and t h ose o r  o t her i m·ol ved agencies a rc 
exped i t ed . T i l e  most i m port a n t  way t o  
accekra t e  a nd i m p ro\'e clli c i c n cy i s  t o  
s t reaml i ne a n d  si mpl i t:v t i l e  laws ancl  
regu l a t o ry p rocesses rel a t i ng to leas i ng 
a nd perm i t t i ng. Owrlap p i np; respo n s i ­
b i l i t ies or regulat o ry a,L(e ncies should be 
el i m i nated .  Such cha nges would al low 
government t o  be more p ra,L(ma t ic i n  i t s  
decision maki n,L(. S t a t u t es and p rocc · 
d u res t ha t  u n necessari lv dclay opcra t ions 
or a re not  appl i cable to  t he J\rd i c  should 
be mod i fied or el i m i n a t ed . Dead l i nes 
should bC:' set for p roced u ra l  req u i remen t s  
and f()r approva ls. S u c h  i n i t  i a t  i vcs should 
be ai mC:'d at cxpcd i t i n,L( e n ergy clcvelop ­
mC:' n t  wh i le ful ly respondi n,L( t o  subs t a n t ive 
envi ron m<:' n t al and soci o-econ om i c  need s. 

• Government agencies with legislated 
responsibilities for conducting opera­
tions in support of exploration, produc­
tion, and transportation activities in 
the Arctic should be organized and 
staffed to meet in a timely manner 

those responsibilities. Some:' of t hese 
responsi bi l i t ies i ncl udC:' sea rch and res­
cue. o i l  sp i l l s u rve i l la nce. WC:'a l her a nd ice 
forecast i ng. s t ruct u re accred i t a t i o n .  vessel 
i nsped ion.  p repara t i o n  or e n v i ro n mC:' n  t al 
i m pact s t a t e m C:' n t s. a n d  s u rface and a i r  
na\'iga t i o n al a i d s. 

• Continued private and public Arctic 
research is important to the national 
interest and should be encouraged and 
supported where necessary. Iksearch 
and c lewlop mcnt  i n  A re t ic t ec h n ology for 
opera t i ons i n  h os t i le e n vi ro n mC:' n t s  w i l l  
lead t o  n·ol u l  i o nc.u�· i m p rm'C:'mC:' n t s  i n  
opera! i n,L( sys t e ms. E ffo rt s  t o  e n ha nce 
knowkci,L(c of icc co n e !  i t  ions.  icc p ropC:'rt ies. 
< l l H I  icc fo rces sl ! o u l c l  be st ressec l .  B i olog­
i cal resea rc h a nd mon i Ior i  n,L( should be 
< ·on t i n t wc l . Fec k ra. l lv  fu nded resea rch 
p ro,L(ra m s  s ! J ou lc l  foc u s  on col lec t i o n  a nd 
e l l ;  l rae ! ( '  riza t i o n  0 r fu nclamen t aJ cia t a a ncl  
t cst i n.L( progra ms o f  b road i ssue. Ti mely 
< l l l c l  ra pid c l i ssem i na t i o l l  or i n forma t i on 
o b t a i ned b_\' gon·rn mc n l  age n c i es s h o u ld 
I w req 1 1  i ree l .  

• The federal and state governments 
should provide necessary assistance 
to local communities and governments 
in understanding and planningfor the 
community development that will evolve 
with oil and gas development Pa ri ic­
t t h l r a l i e n i  i o n  s ! J ou l c l  be ,L(i \'C l l  t o  clc t C:'r­
m i n i n.L( ! he 11 10S(  cJli c i e n l  mea n s  of 
fu ! le i i l l,L( l '0 1 1 1  p re J w nsi  \'e a l ld con ( i n  U O U S  
pla n n i n,L( e ffo rt s. 

• Sources of funding should be identified 
for government and community pro­
grams and activities related to devel­
opment of oil and gas in the U.S. Arctic. 
Hot ! J  lease saks < l l 1 c l  p rocl ucl  i o n  ro_va l t  ies 
p ro\· i c lc subsL 1 1 1 1  i ; l l sou rces of fu nds 
d i rcct l \· < l l l ri b u ! ; t blc to oi l  a m i  ,L(as 
i n c l l iS I I'\' act i \· i t ies.  J\ port i o n  of ! ! Jesc 
d i nT!  n '\'l ' l l l ll 'S could be u see!  to e n s u re 
t ! J a t  appro p ri ; t l c  .L(O\'<T l l l l H' n t al support  i s  
p ro,· i d cd . S t ; t h i l i t�· o f  l 't mc l i 1 tg i s  req u i red 
for l ' lk! ' l i \'l' l '.'\( '( ' l l (  i O i l  or I I H'S(' pro,e;ra ms. 

M o l'l '  d ! ' t ; t i lcd i 'i 1 H i i 1 1.L(s a 1 H I  r<'l'O i l l l l H ' n  
d ; t t  i o 1 1 � l '< l l l  l w  fo t i i H I  i 1 1  ! I l l '  c ! Japt crs o f  I l l is  
report . 
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Summa:ry 
History 

Arc t i c  oi l  and gas explora t i o n began i n  
Alaska wi t h  t he U.S.  Geological Su rvey's 
( USGS) su rface work in 1 90 l .  In 1 904. oi l  
seeps were fo und on what  is  now t h e 
Nati onal Pe t roleu m Reserve-Alaska ( N PRA ) . 
This 23.6- m i l l i on-acre area was des ignated 
the Naval Pet roleum Reserve N u mber 4 
( NPR-4 ) by Execu tive O rder i n  1 923. and 
some geologi cal map p i ng occu rred shortly 
t hereafter. From 1 944 u n t i l  1 953. the Nary. 
i n  conj u n c t i o n  wi t h  c i vi l i a n  d ri l l i ng 
co n t rac t o rs .  c o n d u c t e d a n  ex t e n s i ve 
geologi cal mappi ng and explora t o ry dril l i ng 
p r o g r a m  o n  t h e N P H. - 4 .  He n e w c d  
government exp lorat ion i n  t he N PRA was 
undertaken i n  t he 1 970s. Commercial 
q uan t i t ies of oi l  and gas were not fo und.  

Duri ng 1 949 and 1 950. in  an effort to  
develop a nat u ral gas fuel supply for the 
Navy's Barrow Camp. several test wel ls were 
d ri l led i n  t h e  vici n i ty. These Sou t h  Barrow 
wells were t h e  fi rst development wells d ri l led 
and completed in t h e  U .S. Arc t i c. They 
fu rn i sh ed proof that  hydrocarbons could be 
produced i n  t h e  Arc t i c  regi o n . 

l n 1 968. t he Prud hoe Bay oi l  field was 
d i scovered east of t h e  N PRA. After t h i s  field 
was d iscovered. two al ternat e  t ransporta­
t i o n  op t i on s  were c o n s i d ere d :  tanker 
movement t h rough t he Nort h west Passage. 
and p i pel i n i ng across Alaska to an ice-free 
port . The p i peli ne op t i on was c hosen on t h e  
basis of rel iabi l i ty.  a n d  p i pe was ordered. 
The design called fo r a 48- i nch -d i ameter l i ne 
wi t h  a pote n t i al capac i ty of 2 m i l l i o n  barrels 
per day. i n i t ially equi pped to del iver 1 . 2 
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m i ll ion barrels per day across a n  800 - m i le 
ro ute from Prud hoe Bay t o  an i ce-free 
term i nal i n  Valdez. Alaska. 

O p p o s i t i o n  t o  t h e p i p e l i n e  by 
envi ronmental i s t s  and d i sp u t es over land 
ownersh i p  led to a series o f  legislat i ve. 
envi ronmental .  and j ud i c ial heari ngs t hat 
delayed t he start o r  const ruct ion for five 
yea rs. Const ruc t i on o f  t h e  Trans-Alaska 
Pipel i ne Sys tem ( TAPS ) began i n  Apri l 1 974. 
and the p i pel i n e  was completed and wen t  
i n t o  service i n  m i d - 1 977. U p o n  complet ion 
of TA PS. t h e  field was placed o n  con t i nuous 
p rod uct i o n .  

D u ri ng t he early 1 970s an extensive 
research and develop ment p rogram was 
carried out by i nd ust ry t o  solve t h e  many 
p roblems associated wi t h  oil opera t i o n s  i n  
the Arct ic.  The success o f  t hese p rograms i s  
a t tested to by t h e  fac t  t h a t  some 3 5 0  wells 
have been completed. and oi l  is  bei ng 
p roduced and t ra nsported a t  a rate of 1 .5 
m i l l i o n  b a r r e l s  p e r  d ay .  A t o ta l  o f  
approx i mately 2 b i l l i on barrels o f  o i l  have 
been moved t o  market as o f  t h e  end of 1 98 1 . 
A second.  smal ler fiel d .  Kuparuk. i s  n ow 
bei ng developed. and p rod u c t i o n  is expec ted 
to commence in 1 98 2 .  

Development of t h e  Prud h oe Bay field 
and const ruc t i o n  of TAPS and t he Valdez 
termi nal were con d ucted under t he most 
rigorous design and q u al i ty con t rol spec i fi ­
cat i ons ever i m posed u pon onsh ore pet ro­
leum opera t i o ns. Successful operat ion of 
t h is system has been ach ieved and i t  
represen t s  a model for fu t u re land p i peli nes 
and termi nals. 



Resources 

An eval uat i on of t he pote n t ial oi l  and 
gas resou rces in the sed i me n t ary basi ns of 
t he U.S. Arc t i c  was made based o n  a review o f  
published i n format ion.  USGS data. a n d  a 
survey of t he st udy part i c i pants .  I t  was 
establ i shed t ha t  as of August 1 980. 1 6.5 
bi l l ion barrels of recoverable oil  and o i l­
eq u i valen t  gas had been d iscovered on the 
Nort h Slope of Alaska. or t h i s  t o tal. I 0. 2 
bi l l ion barrels are o i l  a nd 35.4 t ri l l ion cubic 
feet  (TCF) are gas. An add i t i onal 44 b i l l i on 
barrels o f  und iscovered recoverable o i l  and 
oi l-eq u i valent gas resou rces are expected to 
be present  in the Arc t ic.  O f  these t o tal 
undiscovered resources. i t  was est i mated 
that  24 bi l l ion barrels will  occur as o i l. and 
t he rema i nder will  consist o f  I 09 TCF of gas 
and nat'u ral  gas l i q uids.  or t h i s  gas t ot al .  68 
TC F are expected to occur as non-associa ted 
gas and 4 1  TCF should be associa ted wi t h  oil 
prod uct ion.  

Al t h ough t here are at  least I 0 highly 
prospect i ve a reas. t h e largest resou rces are 
est i mated t o  occur i n  t he Beaufort Shelf a nd 
the Navari n Bas i n  Shel f. I t  was also con­
cl uded t hat t he re i s  a I pe rce nt chance that  
t he to tal q uan t i ty of u n d iscovered recover­
able o i l  and o i l -eq u i vale n t  gas could exceed 
99 bi l l ion barrels. and a 99 percent  cha nce 
t h a t  i t  could exceed 1 3  bi l l ion barrels. These 
u n d iscovered resources may cons t i t u t e  as 
much as 40 percent o f  the total u n d i scov­
ered recoverable o i l  and gas resou rces 
remai n i ng wi t h i n  U.S. j u risd i c t i o n .  

Bas i ns appeari ng to have a l o w  potent ial 
should not be ignored . Add i t ional basic 
geological i n forma t i o n  could cause sign i f­
i ca n t  revisi ons. ei ther upward or d ownward. 
in the esti mates. Confi rmation of t hese 
est i mates can be ach i eved o n ly by ex tensive 
leasi ng and exploratory d ri l l i ng. 

Technology 

Large-scale Alaskan North Slope opera­
t i ons and extensive experie nce in t h e  Cook 
I nlet .  the Canad i an Arc t i c. and the Nort h Sea 
have demonst rated t h a t .  w i t h  an economic 
i ncen t i ve. the pet roleum i nd u s t ry  can rap­
i d ly develop sufficie n t  tech nology to safely 
conduct explora t i on . design and operate 
p roduct ion faci l i t ies. and p rovide t ra nspor­
tat ion i n  cold .  remote. and ice-cove red 
regions. both onshore and offshore. The 

fu ndamen t al tech n i q ues o f  explora t i on .  
prod uct ion.  and t ransport a t ion i n  Arc t ic 
regions are not sign i fi ca n t ly d i ffe ren t  t han 
t hose used elsewhere. The n ovel p roblem i s  
the design a n d  opera t i o n  o f  systems t h a t  
can cope wi t h  severe sea i ce. C o n t i nu i ng 
research. development.  and e ngi neeri ng 
programs wil l  p rovide basic i n forma t i on 
and technology for successful s i te-speci fi c  
designs. Tec h nological advances t h a t  have 
the greatest  eco nomic potent ial  relate t o  
i mp rovi ng t he abil i ty t o  o perate explora t i o n .  
d ri l l i ng. p rod uc t i on .  a n d  t ra nsportat io n  
systems efficien t ly d u ri ng all seasons. Th i s  
req u i res copi ng wi t h  l ow tempera t u res. poor 
vi s ibi l i ty. storm waves in the Beri ng Sea. and 
part ic ularly. t he ex t reme sea i ce cond i t ions 
i n  the C h ukchi and Bea u fort  Seas. 

Explora t i on tech nol ogy in the Arc t i c  
req u i res t ha t  t h e usual geological t ech­
n i q ues be mod i fied t o  accommodate weat h ­
er a n d  speci fi c  envi ro n me n tal concerns. b u t  
no u n i q ue met h ods a re needed o r  employed. 
The same is t rue for geophysical work. 
al t h ough seasonal considerat ions more gen­
erally con t rol t he use of h eavy geophysi cal 
eq u i

-
pment o n  t he t u n d ra and affec t  t he 

accessi bi l i ty of offsh ore a reas con tai n i ng 
sea ice. The d ri l l i ng o f  a n  explora t o ry well i n  
the Arct ic d i ffers from d ri l l i ng i n  o t her 
cl i mates in that special tech n i q ues have 
been developed for d ri l l i ng safely i n  perma­
frost areas. Offshore d r i l l i ng si tes must be 
loca ted in a reas free o f  sea i ce or m u s t  have a 
pla t fo rm o r  i sland as a d ri l l i ng base able t o  
w i t hstand t he movi ng pack i ce. f�emote 
loca t i ons make logi s t i cal su pport o f  opera­
t i ons very d i ff i cul t .  These co nsidera t ions 
lead to substa n t i ally h i gher cos t s  than t h ose 
encou n tered i n  less host i le  regions. Most of 
the fu t u re geologi cal a nd geophysical tech­
nology that  wil l  i m prove explora t ion wil l  not  
be Arc t ic-speci fi c  b u t  wi l l  be appl i cable i n  all 
a reas. 

Prod uct ion tech nology for A rc t i c  re­
gions req u i res s i m i la r  consi dera t ions o f  
weat her a n d  cl i mate. especial ly i n  t h e  
design. const ruc t i on.  and i nstall a t i o n  o f  
p roduc t ion fac i l i t ies u nd e r  adve rse con d i ­
t i ons. I nstallat ions a n d  opera t ions m ust be 
designed for permafrost .  bo t h  onsh ore and 
in some o ffsh o re locat i ons. Offshore s t ruc­
t u res for d ri l l i ng. p rod uct ion.  storage. and 
loadi ng that  wil l  successfully resist sea ice 
are a maj o r  req u i rement.  I t  s h ould be 
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possible to develop safe designs for offsh ore 
prod uct ion islands or pla t forms wi t h i n  t he 
t i me period req u i red to lease. explore. and 
deli neate a major oil  o r  gas fi nd. 

Add i t ion al i n forma t ion on sea ice and 
i ts associ a ted problems i s  bei ng obtai ned 
t h rough research p rograms. These research 
programs should be con t i nued. as they a re 
needed to complete novel designs and will  
lead to more cost-effi ci e n t  opera t i ons. 
Modular const ruc t ion in temperate cl i ma tes 
wi t h  t ra nsporta t i on of large mod ules to t he 
si te i s  a proven met hod of red uci ng 
const ruct ion costs.  

Transpo rtat i on technology for oi l  i n  
Arct i c  reg i o n s  has bee n s uccessfu l ly 
d e ve l o p e d  fo r o n s h o re p i p el i n e s .  as 
d e m o n s t r a t e d  by T A P S .  M a r i n e  
t ransporta t io n  has not reached t he same 
level of developme n t .  App ropriate tankers 
and icebreakers can be designed to p rovide 
year- round rel iable opera t i o n s  to port s 
sou t h  of t he Beri ng S t ra i t  handl i ng ei t her 
crude oil or l i q uefied nat u ral gas ( LNG) .  
Mari ne vessel operat ions nort h of t he Beri ng 
S t rai t appear less rel i able. and t here is a 
need for more icebreaker experience i n  t h i s  
area before tan kers are considered a n  
a t t ract i ve t ra nsport a t i o n  sys tem . M ari ne 
pipel i ne opera t i ons i n  t he Arct ic should be 
si m ilar to opera t ions i n  t he North Sea and 
Cook I nlet .  but wil l  be more d i lTicul!  and 
demand i ng because wea t her and logi st ics 
are more severe. As i n  t he case of ex plorat ion 
and prod uct ion.  ex te nded knowledge of t he 
characterist ics. cond i I i ons. and dynamics of 
sea i ce is needed t o  opt i m i ze and ensure 
rel iabi l i ty i n  Arc t i c  marine opera t ions. 

Economics 

Li m i ted econom i c  evaluations of the 
Arctic oil and gas resources were made 
based on assessments of potential resources. 
costs, and schedules for operations devel­
oped i n  t h i s  study. These evaluations 
demonstrate that large reserves are requ i red 
to support the h igh cost of o i l  and gas field 
development and associated transportation 
systems. When transportat ion systems can 
be shared by p roducing areas, signi ficantly 
i mproved economics are obtai ned. 

The economic reso urce base was calcu­
lated by comb i n i ng t he reserve eval uat ions 
wi t h  t he resou rce assessme n ts.  Es t i mates of 

! h e cap i t al i nvest ment req u i red for explora­
t i on.  prod uct ion.  and t ra nsportat io n  faci l ­
i t ies were developed a nd t he sensi t ivi ty of 
t he economics t o  vari ous factors was 
eval uated . 

I n  eval ua t i o n  of t he o i l  resources. t he 
economic resou rce base a nalysi s  showed 
t hat when applyi ng a l O  perce n t  ret u rn  as 
an i nvest men t  cri teri o n  and delet i ng pres­
ent ly i n feas ible areas. t h e  t otal  risked mean 
assessment was reduced from 24 bi l l ion 
barrels t o  2 1  b i l l i o n  barrels.  A t  a 1 5  percen t  
ret u rn  i t  was reduced t o  1 8  b i l l i o n  barrels o f  
economically recoverable oi l .  The analys i s  
indicates l i t t le  opport u n i ty for a 20 percen t  
rat e  o f  re t u rn  t o  b e  ach i eved .  These res u l t s  
ass u me t ha t  grass root s  i nves t me n t s  are 
req u i red for all o i l  p rod u c t i o n  and t ra nspor­
tat ion and t ha t  no i ncremen tal use o f  t he 
TAPS l i ne would be possible a t  t he t i me o f  
development . 

Eval ua t io n  o f  non -assoc iated gas re­
sources sh owed t ha t  when apply i ng a 1 0  
perce n t  re t u rn cri terion t he ri sked mean 
assessment o f 68 TC F of poten t i al ly recover­
able non-assoc i a ted gas is reduced t o  1 0  
TC F of economi cally recoverable gas. I n  n o  
case was a 1 5  percen t  ra t e  o f  ret u rn shown 
to be ach ieved. N o  eval ua t i o n  was made of 
t he more complex econom i cs of p rod uci ng 
assoc i a t ed gas. w h i c h  could i mprove t he 
prospec t s  of gas developme n t .  Gas t ra nspor­
tat ion from t he Nort h Slope was eval ua ted 
o nly on t he basis of t ra nsport i ng LNG by 
tanker from d i ffere n t  ports.  No case compa­
rable to t he p roposed Alaska Nat u ral Gas 
Tra nsportat ion Sys tem ( AN GTS ) was devel­
oped . nor were eval uat i on s  of t he economics 
of t he i ncremental u se o f  t he A NGTS l i ne 
developed . Use o f  t h i s  system could substan­
t i al ly i ncrease the eco nomically recoverable 
gas. 

Al t hough considerable varia t i o n  was 
shown i n  t he eco nomics for d i fferen t  areas. 
t h e u nce rt a i n t ies i n here n t  i n  est i ma t i ng al l 
fac t o rs i n  fro n t ier bas i ns. especially t he 
undi scovered resou rce base. s uggest t hat 
none of the p rospec t i ve basi ns should be 
excl uded from early leasi ng a nd explora t i on .  

Impacts 

W h i le benefi t s  o f  oi l  a nd gas operat ions 
have been demons t ra t ed .  i t  i s  i nevi table t hat 
subst ant i aJ oil and gas devel opment in t he 
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U.S. Arc t ic regions wil l  have some i mpact on 
ru ral Alaskan popula t i ons and on t he 
surround i ng envi ron me n t .  The experie nce 
of the pet roleum i nd u s t ry i n  recent years 
demonst rat es t ha t  such i mpac t s  can be 
managed i n  a beneficial manner wi t h  
m i n i mal adverse effects o n  t he envi ron ment .  

The Arc t i c  a rea con t a i ns abo u t  45.000 
i n hab i t a n t s  loca ted i n  six regi onal cente rs 
and abo u t  60 small vil lages. Th i s  popula t i on 
is d i s t ributed over t h ousands o f  square 
m i les along t h e  northern and nort hwestern 
coast s  o f  Alaska from the Alaskan/Canadian 
border t h rough the Aleu t ia n  I slands. Be­
cause o i l  and gas development  is l i kely t o  
occu r  only a t  a few speci fi c  poi n t s. many of 
the nat i ve villages will not  d i rectly experie nce 
t h e  i mpact of develop men t .  I n  t he few 
commu n i t ies t h a t  would be d i rect ly alTec t ed .  
expansion w i l l  occu r  i n  com m u n i ty s t ruc­
t u re. shorel ine resou rces. local labor mar­
kets. and housi ng. Employment and busi­
ness opport u n i t ies wil l  evolve t hat  could 
be nefi t t h ose who choose t o  part ic ipate. I n  
o rder t o  max i m ize t hese opport u n i t ies and 
mini mize a ny adverse impact s. i t  is necessary 
to develop adequate long- t e rm pla nn i ng and 
good i nd ust ry/ nat i ve relat i on s h i ps. 

Enviro n me n t al i m pac t s  can be m i n i ­
m ized o r  avoi ded i n  t he Arc t i c  by opera t i ng 
pract ices t hat have been and con t i n ue to be 
developed by t h e  o i l  and gas i nd us t ry i n  t he i r  
opera t ions t h roughou t t he wo rld. part icu­
larly at Prudhoe Bay. t he TAPS corri dor. t he 
Cook I nl e t .  t he Nort h Sea. and t he Canad ian 
Arc t ic. The Arc t ic e nvi ronment is  bo t h  
fragi le and bi ologically i mport a n t :  however. 
the risk of sign i ficant d i s t u rbance can be 
m i n i m ized. Accelera t ed ac t i vi t ies i n  new 
geograph i c  a reas wil l  req u i re an ex t e nsion 
of exi s t i ng tech nology. However. no prob­
lems a re perceived t hat a re beyond t he 
p rojected capabi l i ty o f  the i nd ust ry. As 
di scoveries of oil  and gas a re madP. 
addi l ional si te-spec i fic data will be developed. 
and research .  developme n t .  and i n format ion 

ga t heri ng wil l  con t i n ue. Wi t h  t h i s  i n forma­
t ion and a con t i n u i ng com m i t me n t  t o  good 
prac t ices by i nd u s t ry. environmental i m­
pact s  s h ould be negl i gible and oi l  and gas 
developme n t  can p roceed safelv and success-
fully i n  t he Arct ic.  

-

Regulation 

Bot h t h e  leasi ng of prospec t i ve a reas 
and t he perm i t t i ng of opera t ions i n  t he 
Arct ic a re under government con t rol. A 
mu l t i t ude or s t a t u tes.  regulat ions. and 
pol ic ies have been developed at  federal. s tate .  
and borough levels. resu l t i ng i n an elabora t e  
series or regula t o ry const rai n t s  t hat  have 
i ncreased cost s  and delayed all aspect s  of o i l  
a n d  gas developme n t .  A maj o r  i m ped i me n t  
t o  Arcl ic development would be removed i f  
l
_
hese pol icies and p roced u res were s i m pl i ­

f i ed a n d  exped i t ed . 
The aggressive leasi ng p rogram u nder­

taken by t h e  S t a t e  of Alaska has made the 
present Prud hoe Bay d evel opment possi ble. 
Most of t he rest o f  t he a rea onsh ore i s  under 
federal con t rol and has been closed t o  
development for many years. A l i m i t ed 
p rogram t o  open a port i o n  of t he N PRA is 
u nder way. b u t  most o f  the h ighly p rospec­
t i ve Nort h Slope a rea u nder federal j u ri sd ic­
t i on is s t i l l unavai lable for explorat ion 
ac t i vi ty. The o ffshore leasi ng sch ed ule as o f  
July 1 98 1  does n o t  offer some o f  t he most 
promisi ng a reas u n t i l 1 984 or later. Accel­
erat ion and s i m p l i fi cat ion of leasi ng for 
these a reas would al low o i l  a nd gas develop­
ment t o  proceed more e ffec t i vely. 

The compl icated regula t o ry system that  
has been i mposed on the industry needs a 
complete redesign wi t h  t he perm i t t i ng and 
leas i ng agencies opera t i ng under a clear 
federal pol i cy to exped i t e  A rc t i c  develop­
me n t .  Hevisions i n  stat u t es. regula t i ons. 
and policies a t  al l l evels o f  gove rn me n t  a re 
necessary t o  accomplish such a s i m pl i fica­
t i on . Spec i fic reco m mendat ions for such 
revisi ons a re made in t h i s  report.  
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AC RONYM S  AND ABBREVIAT I ONS 

4 -AAP -- 4 -ami no an t i p yr ine me thod 

ABA - - Ame r i c a n  Ba r As soc i a t io n  

AC E C  - - are a s  o f  cr i t i c a l  env i ronme n t a l  concern 

ANGTS -- Al aska Na t ur a l  Ga s Transporta t i o n  Sys tem 

APD Appl i c a t ion fo r Pe rmi t to Dr i l l  

API Ame r i c a n  Pe trole um In s t i t ute 

AS T a c t iva ted s l udge trea tmen t 

BAC T  - - Be s t  Ava i l abl e Co ntro l  Te chnology 

APPE NDI X F 

BAT - - Be s t  Ava i l a ble  Te chnology Eco nom i c a l l y  Ach i e va b l e  

BBOE - - b i l l ion barre l s  o f  o i l  equ i v a l e n t  

BCT Be s t  Conve n t iona l Pol l u tan t Con tro l  Te c h no logy 

B IA Burea u o f  Ind i a n  Af f a irs 

B LM Bureau o f  Land Manag emen t 

BMP Be s t  Man ag emen t Pr ac t i c e s  

BOD b i ochem i c a l  oxyg e n  d emand 

BOP blowou t  preven te r  

B PT Be s t  Prac t i cabl e Con tro l Te chnology 

Btu Br i t i sh therma l un i t  

CAF E  - - Corpora te Average Fue l Economy 

CASAC - - Clean A i r  Sc i en t i f i c Ad v i sory Comm i t te e  o f  E PA ' s  
Sc ienc e Ad v i so ry Bo ard 

CBA Cold Bed Ab sorpt ion 

C EQ Coun c i l  on En v i ronmen ta l Qu al i ty 

C ER Ca tegor i c a l  Ex c l u s i on Re v i ew 

C ERC LA Comprehe n s ive Env i ronme n t a l  Re spo n s e , Compe n s a t i o n  
a n d  L i ab i l i ty Ac t o f  1 9 8 0  ( Supe r f und ) 
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CLC -- C i v i l  L i ab i l i ty Co nv e n t ion o f  1 9 6 9  

C O  -- c arbon mo nox i d e  

C02 c arbon d io x id e  

COD c hem i c a l  oxyg e n  d emand 

COS carbonyl s ul f id e  

COS T  - - Co n t i n e n t a l  Of fshore S t ra t i g raph i c  Te s t  

C RI S TAL Co ntrol  Re g a rd i ng an In te r im Supp l em e n t  to Tanke r 
L i ab i l i ty for Oi l Pol l u t ion 

c s2 c a rbon d i s u l f id e  

CTG Con t rol Te chn i que Gu i d e l ine 

C Z M  Coa s t a l  Zone Man ag emen t 

C ZMA - - Coa s t a l  Zone Man agemen t Ac t o f  1 9 7 2  

DAF - - d i s so l ved a i r  f l o ta t io n  

DE I S  - - Dra f t  Env i ro nme n ta l  Impac t S ta temen t 

DOE Departme n t  o f  Energy 

DO I Depar tmen t  o f  the  In ter ior 

DOT De par tme n t  o f  Trans portat ion 

DWT d e ad we i g h t  ton s  

E A  - - env i ro nme n t a l  analys i s  o r  as ses smen t 

E I S  env i ronme n t a l  impac t s tatemen t 

EOR enhanced o i l re covery 

EP -- e x t rac t ion proced ure 

E PA -- Env i ronme n t a l  Pro tect ion Agency 

FCCU f l u id c a ta l y t i c  crack i ng uni t 

F E I S  F i n a l  Env i ronme n ta l  Impac t S ta teme n t  

FLPMA - - Fed e r a l  Land Pol i cy and Manag emen t Ac t o f  1 9 7 6  

FWS F i sh and W i ld l i f e Se rv i c e  

GAO General  Ac coun t i ng Of f ic e  
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GNP Gro s s  Na t io n a l  Pr od u c t  

GRT g ro s s  reg i s te red tons 

hp -- horsepowe r 

H2S -- hyd rog e n  s u l f id e  

IBLA I n te r io r  Board o f  La nd Appe a l s  

IMCO I n te rgovernme n ta l  Ma r i t ime Co n s u l ta t i v e  
Organ i z a t ion 

JRP -- Jo i n t  Re v i ew Proce s s  for Ma j o r  Energy and M i n e ra l  
Re so u r c e  De v e l opme n t  Pr o j e c t s  ( Co lorad o ) 

KGS -- k nown geolog i c  s t ruc ture 

LAER -- Lowe s t  Ac h i evable  Em i s s ion Ra te 

LNG -- l ique f i ed n a t u r a l  g a s  

LOOP - - Lo u i s iana Of f s ho re Oi l Po rt 

LORAN -- l ong range rad io nav igation 

LOT load on top 

LPG l ique f i ed pe tro l e um g a s  

MARAD -- Ma r i t ime Ad mi n i s t r a t i o n  

MARPOL 1 9 7 3  - - I n te rnat ional Co nv e n t i o n  for Pr even t i o n  o f  
Pol l u t ion f rom Sh ips , 1 9 7 3  

MARPOL 1 9 7 8  - - Tanke r Sa fe ty and Pol l u t io n  Pre ve n t io n  
Co nv e n t i o n , 1 9 7 8  

MB/D -- t ho u s and bar r e l s  pe r d ay 

MFP -- Manageme n t  Framewo rk Pl an 

mg/1 -- m i l l igram s  pe r l i te r  

MMB/D -- m i l l ion barre l s  p e r  day 

MOU memo rand um of und e r s tand i ng 

MTA me tr i c  tons per annum 

� g/1 -- mi c rog rams pe r l i te r  

m i c rog rams pe r square me te r  

NAAQS -- Na tional  Am b i e n t  A i r  Qu al i ty S t an d a rd s  
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NaOH -- sod i um h yd ro x i d e  

NAS - u . s .  Na t ional  Ac ad emy o f  Sc iences  

N E PA -- Na t ional Env i ronme n ta l  Po l i cy Ac t o f  1 9 7 0  

NESHAPS Na t i o nal Em i s s i on St and ard s for Ha z a rd o u s  Ai r 
Pol l u ta n t s  

NGL nat ural  g a s  l iq u id s 

NH3 ammo n i a  

NO - - n i trous ox id e 

N02 n i t rog e n  d iox id e  

NOx n i troge n  ox ide s 

NOAA - - Na t ional  Oce an i c  and Atmosphe r i c  Adm i n i s tr a t ion 

N PC -- Na t iona l Pe t rol e um Co unc i l  

NPDES - - Na t iona l Po l l u tan t Di s charg e El i m i n a t io n 
Sy stem 

N PR- 4 -- Na val Pe trol e um Re se rve Number 4 

N PRA -- Na t ional  Pe tro l e um Re se rve-Al aska 

Na t ional  Re search Coun c i l 

NRT Na t i onal Re spo n s e  Te am 

NSCP Na t ional Sp i l l  Co n t i ng ency Pl an 

NS PS Ne w So u r c e  Pe r f o rmance Standard s 

NTL- 6  -- No t i c e  to Le s s e e s  and Operato r  No . 6 
Approv a l  o f  Opera t ion s 

NWPS - - Na t iona l Wi l d e rne s s  Pre s e rva t io n  Sys tem 

O&G o i l  and g re a s e  

OCS Ou t e r  Con t in e n ta l  She l f  

OC S LA - - Ou t e r  Con t i n e n t a l  She l f  Land s Ac t o f  1 9 5 3  

OS&T - - o f f shore s torage and treat ing 

OSC On-Scene Coord ina to r  

OTA Of f i ce o f  Te chno logy As s e s smen t 
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PAH polycyc l i c aroma t i c  hyd rocarbons 

PER Prel im i n ary Env i ronme n ta l  Re v i ew 

POD Pl an of De ve l opme n t  

POE Pl an of Exp l o r a t i o n  

POTW - - p ub l i c ly owned trea tme n t  wo rks 

ppm - - parts  pe r m i l l ion 

ppmv - - par ts pe r mi l l ion volume 

PSD Pr eve n t io n  of S i g n i f i c ant De te r io ra t io n  

p s i  po und s p e r  square inch 

ps ig po und s pe r squa Le i nch g a ug e 

RACT Re asonab l y  Av a i l ab l e  Control Te chno l og y  

RARE Ro ad l e s s  Area Re v i ew and Ev al u a t ion prog ram 

RCRA Re so u r c e  Co nservation and Re cove ry Ac t o f  1 9 7 6  

R& D r e s e ar c h  and deve lopme n t  

RMP Re source Manag ement Pl an 

RRT Re g i onal Re spo n se Te am 

SCOT - - She l l  Cl aus Of f- Ga s  Tr ea t i ng 

S I P  -- S t a t e  Imp l eme n t a t ion Pl an 

SMCRA -- S u r f a c e  M i n i ng Co ntrol and Re c l ama t i o n  Ac t of 1 9 7 7  

s o2 s ul f ur d io x i d e  

S Ox s ul f ur o x i d e s  

SOLAS -- In tern a t ional Co nv e n t ion f o r  Sa f e t y  o f  L i f e  a t  Se a 

S PCC - - Sp i l l  Pr ev e n t ion , Co n trol and Co u n t e rme a s u r e  

Supe r f und - - Comprehe n s ive Env i ronme n ta l  Re spo ns e , 
Compen s a t ion and Liab i l i ty Ac t o f  1 9 8 0  ( C E RC LA ) 

TAPS - - Tr an s -Alaska Pipe l ine Sys tem 

TC F tr i l l ion c ub i c fee t 

TOC to t a l  organ i c  c arbo n  
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TOVALOP - - Tanker Own e r s  Vo lun tary Ag re eme n t  Co n c e rn i ng 
L i ab i l i ty fo r Oi l Pol l u t ion 

TSP to t a l  s us p e nd e d  par t i c u l a te s  

TS S to t a l  s u s pe nd ed sol id s 

U I C  und e rg ro und i n j e c t ion con t rol 

ULCC Ul tra La rg e Cr ud e  Carr ie r 

USGS u . s .  Geolog i c a l  S u rvey 

VLCC Ve ry La rg e Cr ud e  Carr ier 

VOC - - vol a t i l e  o r g an i c  compo und s 
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A 

ABA . S e e  Ame r ican Bar 
As soc i a t io n  

abando nme n t  proce d ur e s  • • . •  9 8 -9 9  
absorp t io n  

l e an o i l  • . • • • • • • • • • • • •  3 9 2 -3 9 3  
LPG r ecov e ry . • • • • • • • . • • • • •  l 0 2  
odorou s mater i a l  

treatm e n t  • • • • • • • • • • . • • • •  2 7 1  
sour g a s  tre a tment • • • • . . • •  1 7 1 

acc id e ntal  r e l e a se s . S e e  
sp i l l s  

ACEC . S e e  areas o f  c r i t i c a l  
e nv i ro nme n t a l  conce rn 

a c id g a s  tre a tmen t  • • • • •  l 7 1 , 2 3 9  
ac id r a i n  

ac id i ty trend s • • . • • . . • • • • •  5 8 8  
c au s e s  • • • • . • • • • • • • . • • •  5 8 5 - 5 8 6  
d e f i n i t ion • • . • . . • • • • • • • • • •  5 8 5  
e f fe c t s  • • • . • . • . • • • • . • •  5 8 6 - 5 8 8  
r eg u l a t ions • • • • • • • • • • •  5 8 8 -5 9 0  

a c t iva t ed c arbon 
ad s o rp t ion . • • • • • • • •  3 8 9 , 4 0 1  

a c t iva ted s l ud g e  tre a tment 
( AST ) • • • • • • • • • •  2 9 2 -2 9 3 , 2 9 5  

ad d i t iv e s  
f ue l  • • • • • • • • • • . • • • • • • .  4 7 0 - 4 7 2  
l ubr icant • • • • • • • • . • • • • • • • •  4 7 3  

adsorp t ion 
odorou s ma ter i al 

treatmen t  • . • • • • • • • . • • • • •  2 7 1  
v apor recov e ry • • • • • • •  3 8 9 ,  4 0 1 

aerated l ag oons • . . • • • • • • • • • •  2 9 2  
aerob ic trea tment 

s l ud g e  . . . . . . . . . . . . . . . . . . . . 2 9 6  
was tewater . • • • • • • • • • • •  2 9 1 - 2 9 3  

a ir bar r i e r s  • • • • • • • • • • • • • • . •  4 8 6  
a ircra f t  emi s s ions . • • • • • • • • •  4 7 1  
a ir po l lu t ion control 

ac id rain • • • . • • . • • • • • •  5 8 8 - 5 9 0  
a spha l t s  • • • • • • • • • • • • • • • • • •  4 7 4  
d r i l l i ng . • • • . • . • . • • • • •  l 6 8 - 1 6 9  
marke t ing oper a t ions • •  3 9 8 -4 0 1  
mob i l e  source s • • • • • • •  4 6 6 -4 6 8 ,  

4 7 0 , 4 7 1  
n a t ur a l  g a s  p l a n t s  • . • • . • . •  l 0 3  
o f f shore • • • • • • • • • • • • • •  1 6 8 -1 6 9  
o rgan ic solve n t s  • • • • •  4 6 5 ,  4 7 4  
prod uc t io n  oper a t ions • • • •  l 7 1 , 

1 7 3  
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r e f i n i ng . . • • • • • . . • . . . .  2 5 8 -2 7 2  
s ta t ion ary p l a n t s  • • • •  4 5 2- 4 5 4 ,  

4 5 6 -4 5 8 ,  4 6 1 - 4 6 4  
s to rag e • • • • • • • • • •  3 7 5 , 3 7 7 -3 7 8  
transpo r t a t ion • • • • • • . •  3 8 1 - 3 9 5  

A i r  Po l l u t io n  Control  Ac t • • • •  2 6  
S e e  a l so C l e an A i r  Act  

a i r po l l u t io n  r eg u l a t ions 
ac id r a in • • • • . • • • • • • • •  5 8 8 - 5 8 9  
adv e r s e  e f f e c t s  • • • • • •  8 - 9 , 2 9 , 

1 6 5 ,  2 5 2- 2 5 8 ,  3 6 5 ,  3 9 5 - 3 9 6 ,  
5 5 2 , 5 5 6 - 5 5 8  

ag e n c y  r e s po n s ib i l i t ie s  • •  l 5 0 , 
1 6 5  

asph a l t s  • • • • • • • • . . • . • • • . . • 4 7 4  
cos t e f fe c t s  • • • •  l l , 2 4 9 , 2 5 1 , 

3 0 9 ,  3 6 5 ,  4 3 5  
explora t io n  • • • • • . • • . • •  1 6 4 -1 6 7  
fac i l i ty s i t i ng • . . • • • • • • •  5 4 8 ,  

5 5 0 - 5 5 2 , 5 5 7 , 5 7 0 - 5 7 1 , 
5 7 6 - 5 7 7 ,  5 7 9  

f r amewo rk • • • • • • • • • • • •  4 ,  2 6 - 3 2  
marke t i ng ope r a t ions • • . • •  3 6 3-

3 6 5 , 3 9 8 , 4 0 1 -4 0 2 ,  4 3 5  
mob i l e  s o u r c e s  • • • • • • •  4 6 5 - 4 6 8 ,  

4 7 0 -4 7 3 , 5 8 9  
organ i c  s o lv en t s  . • • • • • • • • •  4 7 4  
prod uc t i o n  oper a t ions • • • •  l 6 4 -

1 6 7 ,  1 7 0 - 1 7 1  
recomme nd a t i o n s  f o r  • • • • • 3 1- 3 2  
r e f i n i ng ope r a t ions • • • • • •  24 6 ,  

2 4 9 , 2 5 1 - 2 5 8 , 3 0 9 , 4 5 3 , 
5 7 6 - 5 7 7  

s ta t ionary p l a n t s  • • •  4 5 2 ,  4 5 3 , 
4 5 7 ,  5 8 8 - 5 8 9  

s to rag e • • • • • • • • • •  3 6 3 - 3 6 5 , 4 3 5  
synthe t i c f ue l  

pl a n t s  • • • • • . • • • • . • • •  5 7 8 - 5 7 9  
transpo r t a t ion • • • • • • •  3 6 3 - 3 6 5 ,  

3 7 8 , 3 8 7 , 3 9 4 - 3 9 6 , 4 3 5  
a i r pol l u t ion sources 

ac i d  r a i n  • • • • • • • • 5 8 5 - 5 8 6 , 5 8 8  
asph a l t s  • • • . • • • • . • • • • • • • • •  4 7 4  
d r i l l i ng • • • • • •  7 4 , 9 1 - 9 2 , 1 6 7 , 

1 6 8  
e nv i ro nme n t a l  e f f e c ts • • •  5 ,  7 ,  

3 6 7 , 5 8 6 - 5 8 8  
expl o r a t i o n  • • • • • • • • • • • • • • •  l 6 7  
i nd oo r  • • • • • • • • • • • • • • • •  5 9 3 - 5 9 4  
marke t i ng ope r a t io n s  • . • • •  3 6 3 -

3 6  8 ,  3 9 7 , 3 9 8 - 3 9 9  



mob i l e  . . . . . . . . • •  4 4 3 , 4 6 5 , 4 7 1  
nat ural  g a s  pl a n t s  • • • • • • • •  l 0 3  
o f f shore ope r a t ions • • • .  9 1 - 9 2 , 

1 5 0 ,  1 6 5 -1 6 8 ,  1 7 3  
o rg a n i c  solv e n t s  . • • •  4 6 4 ,  4 6 5 , 

4 7 4  
prod uc t ion ope r a t ions • • . •  l 6 9 -

1 7 0 ,  1 7 3  
r e f i n i ng • • • • • 4 ,  2 4 7 -2 4 9 , 2 5 8 , 

2 6 5 - 2 6 6 ,  2 6 8 ,  2 7 1  
s ta t ionary pl a n t s  • • .  4 4 3 , 4 4 5 ,  

4 5 0 , 4 5 2-4 5 4 ,  4 5 6 ,  4 5 8 ,  
4 6 2-4 6 4  

s tor ag e  • . • •  3 6 3 - 3 6 8 ,  3 7 5 ,  3 7 7 ,  
3 7 8  

s yn the t ic f ue l  oper a t ion s  • . •  ? 
transpo r t a t ion • • • • • • •  3 6 3 -3 6 8 , 

3 7 8 -3 8 1 ,  3 9 3 - 3 9 4  
Al abama P ow e r  v s . C o s t l e  • • • • •  3 0  
a lka l i n e  f l ood i ng • • • • • • • • . • • •  9 8  
alkyla t ion • • • • . • • •  2 2 6 ,  2 2 9 ,  2 8 5  
al l-encompas s i ng l e a s e  

s t ip u l a t ions • • • • • • • • • . • •  l 3 4  
Ame r ic an As soc i a t ion o f  

Ra i l roads • . • • • • • • • • • • • • •  3 4 6  
Ame r ic an B a r  As soc i a t ion 

( ABA ) • • • • • • • . • • • • • •  55 4 , 55  5 
Ame r ican P e tro l e um I n s t i tute 

( AP I ) • • •  l 5 8 ,  1 5 9 ,  2 7 6 ,  2 7 8 ,  
4 2 8 , 4 3 2 , 4 7 1  

ammon i a  i n j e c t ion • • • • • • • • • • •  4 6 2  
ammo n ia r emoval • • • • • • • • • • • • •  2 8 8  
Amoco C ad i z • • .  4 9 8 ,  5 0 8 ,  5 1 1- 5 1 2  
APD . S e e  Appl i c a t io n  for 

Pe rmi t  to Dr i l l  
AP I . S e e  Ame r i c an Pe t ro l e um 

I n s t i t u te 
Appl i c a t io n  for Pe rm i t  to Dr i l l  

( AP D )  • • • • • • • • • • • • • • •  l 3 9 -l 4 1  
areas o f  c r i t i c a l  e nv i ronmental  

conce r n  ( AC E C ) • • • • • •  l l 8 -l l 9  
Argo Merchant  • • • • . • • • • • • • • • •  5 1 3  
Army Corps o f  E n g i n e er s . See  

U . S .  Army Corps of  
Eng i n e e r s  

a r t i f ic i a l  l i f t .  • • • • • • • • • • • • •  9 3  
asph a l t  o x id i z i ng • • • • • • • • • • •  2 7 0  
aspha l t s  • • . • . . • • • • • • • • • • • • • •  4 7 4  
As soc i a t ion o f  B ay Area 

Gove r nmen t s  • • • • . • • • • • • • •  5 5 3  
AS T .  S e e  a c t iva te d  s l udge 

tre a tme n t  
Atlan t ic Empre s s  • • • • • • • • • • • •  4 9 8  
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a tmosph e r i c  d i s t i l l a t io n  
un i t s  • • • • • • • • • • • • • •  2 2 1 , 2 2 3  

a tmosph e r i c  f a l l o u t  • • • • • • • • •  5 0 0  
a t ta i nmen t  a r e a s . S e e  

P r ev e n t i o n  o f  S ig n i f i c a n t  
De t e r iorat ion ( PS D )  p e rm i t s  

a utomo t iv e  em i s s ions  • • • •  4 6 5 -4 7 2  
a ux i l i ary r e f i nery f a c i l i t ie s  

ac id g a s  t r e a t i ng • • • • • • • . •  2 3 9  
hyd roge n  prod u c t ion • • •  2 3 5 - 2 3 8  
l ig h t  e nd s  r ec ov e ry • • • • • • •  2 3 8  
sour wa ter s tr ipp i ng • •  2 4 0 - 2 4 l  
s ul f ur r ecov ery • • • • • • • • • • •  2 3 9  
ta i l  g a s  trea t i ng • • • • • • • • •  2 4 0  
wa s tewa te r t r e a tmen t  • • • • • •  2 4 l  

B 

back f i l l i ng • • • • • • • • • • • • • • • • •  l 7 4  
BAC T . S e e  B e s t  Av a i l ab l e  

Con t ro l  Te c h no logy 
b aghouses  • • • • • • • • • • • • • • • • • • •  4 5 6  
bal l a s t i ng 

d i s c h a rg e s  • • • • • • • • • • •  2 8 5 - 2 8 6 , 
4 1 0 -4 1 1 , 4 1 5  

emi s s ions • • • • • • • • • • • • •  3 9 3 - 3 9 5 
barg e s  

em i s s ions • • • • • • • • • • • • •  3 9 3 - 3 9 6 
i n l and . . . . . . . . . . . . . . . . . . . .  3 5 0  
oceango i ng • • • . • • • • • • .  3 5 0 , 3 5 5  
p ipe l i ne l ay i ng • • • • • • •  3 4 2 - 3 4 5  
s torage . . . . . . . . . . . . . . . . . . .  3 2 4  
S e e  a l s o  v e s s e l s 

bas i n  s urve y s  • • • • • • • • • • • • • • • •  6 4  
BAT . S e e  B e s t  Av a i l a b l e  

Techno l ogy Econom i c al ly 
Ach iev ab l e  

batch i ng • • • • • • • • • • • • • • • •  3 3 7 -3 3 8  
BCT . S e e  B e s t  Conv e n t ional 

Pol l ut a n t  Con t rol 
Techno logy 

B e avon- S t r e t ford proc e s s  • • •  l 7 l , 
2 6 3  

b e n z e ne emi s s ions • •  3 6 5 ,  3 6 7 -3 6 8  
berms • • • • . • • • • • • • • • • • • •  1 8 1 , 4 2 1  
B e s t  Av a i l ab l e  Con t ro l  

Te c hno l ogy ( BACT ) • • • •  8 ,  3 0 , 
1 6 6 , 1 7 1 ,  3 6 4 , 5 5 1 ,  5 7 9 

Be s t  Av a i l ab l e  Demon s t r a te d  
Con t rol Te c hnology • • • • • • •  3 3  

Be s t  Av a il ab l e  T e c h no l og y  
E conom i c al ly A c h i ev ab l e  
( BAT ) • • • • • • • • • •  3 3 ,  2 7 3 , 2 8 2  



B e s t  Conv e n t ional Po l l u ta n t  
Control Technology 
( BCT ) • • • • • • • • • • • • • • •  3 3 , 2 7 7  

" be s t  e ng i ne e r i ng 
j ud gmen t "  • • • • • • • • • • • • • • •  2 7 9  

Be s t  Man ag eme n t  Prac t ices  
( BM P ) • • • • • • • • • •  3 2 ,  2 7 9 , 2 9 8  

B e s t  Prac t i c ab l e  Con t rol 
Tec hnology ( BPT ) • • • • •  4 ,  3 3 , 
2 7 3 - 2 7 6 ,  2 8 2  

" be s t  profe s s ional 
j udgme n t "  • • • • • • • • • • • • • • •  4 2 0  

BETA Proj e c t  • • • • • • • • • • • • • • • •  1 6 5  
B IA . S e e  B ur e a u  o f  I nd i an 

Af f a i r s  
b id d i ng s y s t ems 

o f f shore l e a s i ng • • • • •  l 4 5 , 1 5 2  
onshore l e a s i ng • •  l 2 9 -1 3 0 ,  1 3 7  

b il ge s  • • • • • • • • • • • • •  4 1 1 -4 1 2 ,  4 9 7  
b ioas s ays • • • • • • • • • • • • • • •  2 9 7 - 2 9 8  
b iodeg r ad a t io n  • • • • • • • • •  l 7 5 , 5 0 6  
b iolog i c al trea tmen t  

sp i l l s  • • • • • • • • • • • • • • •  4 8 8 , 4 9 1  
was t ewa ter • • • • • • •  2 9 1 - 2 9 4 , 2 9 6  

b irds  • • • • • • • •  5 0 6 , 5 0 7 , 5 0 9 - 5 1 1 ,  
5 1 4- 5 1 5 ,  5 5 8  

b i t rate  o f  pe n e tr a t ion 
logs  . . . . . . . . . . . . . . . . . . . . .  8 5  

b le nd ing • • • • • • • • • •  2 3 5 ,  4 5 3 , 4 7 2  
BLM . S e e  B ur e a u  o f  Land 

Manag emen t  
bl owdown • • • • • • • • • •  2 4 2 ,  2 4 4 ,  2 8 3  
blowo u t  prev e n te r s  

( BOP ) • • • • •  7 1- 7  2 ,  8 0 - 8 1 ,  1 7  6 
blowouts • • • • •  l 7 7 ,  1 8 0 ,  4 9 9 ,  5 19 
BMP . S e e  B e s t  Manag emen t  

Pra c t i c e s  
bonus- b id/ f ix ed-roya l ty l ease 

sales  . . . . . . . . . . . . . . . . . . .  1 5 2  
booms • • • • • • • • • • • • • • • • • • • • • • • 4 8 6  
BOP . S e e  b l owou t  prev e nters 
bottom load ing • • • •  3 8 0 , 3 8 5 -3 8 6 , 

3 9 5  
B PT . S e e  B e s t  Pr ac t ic ab l e  

Con trol Technology 
breath i ng lo s s e s  • • • • • • •  3 7 5 , 3 9 8  
bulk plants  • • • •  3 6 0 -3 6 1 , 3 8 1- 3 8 2  
bunker f ue l s  • • • • • • • • • • • •  4 7 2 - 4 7 3  
Bure a u  o f  I nd ian A f f a i rs 

( B I A ) . • • • . . . . . • • . • • . • • . .  l 3 3  
B ur e a u  o f  Land Manag emen t ( BLM ) 

E IS p r epa r a t i o n  • • • • • • • • • •  l l 9 , 
1 3 5 ,  1 5 1 

G - 3  

l a n d  w i thd r awa l 
i nv e n tory • • • • • • • • • • •  l 2 3 - 1 2 4  

o f f shore l e a s ing rol e  • • . •  l 4 6 , 
1 5 0 - 1 5 2 ,  1 8 4  

onshore l e a s i ng rol e  • • • • •  l l 6 , 
1 1 9 , 1 2 4 ,  1 3 0 ,  1 3 4 - 1 3 8  

r ig h t-o f-way c or r id o r  
rev i ew • • • • • • • • • • • • . •  l 4 1 - 1 4 2  

rol e  o f  • • • • • • • • • •  1 1 5 , 1 1 7 - 1 1 9  
w i l d e r n e s s  a r e a  

r e s t r i c t ions • • • • • • • . • • .  l l 7 , 
1 2 4 , 1 3 0  

b u r ne r s . S e e  c ombu s t ion 
equ i pment 

c 

CAF E . S e e  Co rpo r a te Av e ra g e  
F u elEconomy 

C a l i fo r n i a  A i r  Po l l u t ion 
Con t ro l  D i s tr i c t  for 
Santa Barbara Coun ty • • • •  5 5 8  

C a l i forn i a  A i r  Re sources 
Board • • • • • • • • • • • . • • • • • • • 55  7 

C al i fo r n i a  Coa s t  C ommi s s ion . l 5 9  
Cal i fo r n i a  S t a t e  Coastal  

Z on e  C omm i s s ion • • • • •  5 6 8 - 5 7 0  
C a l i fo rn i a  S ta te Land s 

C omm i s s ion • • • • • • • • • • • • • •  5 6 8  
C a l i forn i a  v s . B e rg l an d  . • • • •  l 2 4  
c a rbon ad sorp t ion s y s t ems • •  3 8 9 ,  

4 0 1  
c a rbon d io x id e  ( C0 2 ) 

" g re e n hou s e "  e f fe c t  • • •  5 9 0 - 5 9 2  
m i sc i b l e  f l ood i ng • • • • • • •  9 7 - 9 8  

c arbon mono x id e  ( CO )  emi s s ions 
au tomo t iv e  f u e l  • • • • •  4 6 5 , 4 6 8 , 

4 7 0  
control • • • • •  4 6 3 -4 6 4 , 4 6 8 , 4 7 0  
d i s tr i b u t ion ope r a t ions • •  3 6 5 ,  

3 6 6  
d r i l l i ng ope r a t ions  • • • • • • •  l 6 8 
o f f shore ope r a t ions  • • • • • • •  l 6 8  
r e f i n e r i e s  • • • • • • • . •  4 ,  2 4 7 - 2 4 9  
r eg ul a t i ons • • • • • • •  2 7 , 2 8 , 4 7 0  
sour c e s • • • • • •  4 ,  1 6 8 ,  2 4 7 -2 4 9 ,  

3 6 5 ,  3 6 6 , 4 4 5 , 4 6 2 -4 6 3 , 4 6 5  
s t a t iona ry sourc e s  • • • • • • •  4 4 5 ,  

4 6 2 -4 6 4  
CASAC . S e e  C l e a n  A i r  

Sc i en t i f ic Adv i sory 
C omm i t te e  



cas i ng h e a d s  . • • • • . . • • . . . • • • • •  8 6  
S e e  a l so wel lheads 

cas i ng s  • • • • • • • • • •  7 2 - 7 4 , 9 9 , 1 7 6  
c a t al y s t  r eg en e r a t ion • . • • • • •  2 7 0  
cataly t i c  contro l s  • . • . •  l 6 9 ,  4 6 5  
ca talyt i c  c r a ck i ng • • • • •  2 2 5 - 2 2 6 , 

2 7 0 , 2 7 2 , 2 8 4  
c a talyt i c  red u c t ion • • . • • • • • •  4 6 2  
c a t al y t i c  re form i ng • • . •  2 3 0 - 2 3 3 , 

2 7 0 ,  2 8 5  
Ca tegor i c a l  E x c l u s ion Rev iew 

( C E R )  • • • • • . • . • • • • • • •  l 4 0 - 1 4 1  
c a thod i c  prot e c t ion • • • • •  4 2 8 -4 2 9  
caus t i c  tre a tme n t  . • • • • • • • • • •  2 8 9  
CBA . See  Cold  Bed Abs o rp t ion 
c emen t i ng • • • • • • • • • • • • • • • • •  7 2- 7 4  
ceme n t  pl ug s • • • • • • • • • • • • . • • . •  9 9  
c e n t r i f ug e s  • • • • • • • • • • • • • • • • • •  9 2  
C EQ . S e e  Counc i l  on 

E nv i ro nmen ta l  Qual i ty 
C E R .  S e e  C a tegor i c a l  

E xc l us ion Rev i ew 
C ERCLA . S e e  C omprehens ive 

E nv ironmen tal Re s pons e , 
Compe n s a t ion , a nd L i ab i l i ty 
Ac t o f  1 9 8 0  

Channel I s l and s Na t ional 
Marine S a n c t u a ry • • •  l 6 2 ,  1 6 3  

chem i c a l  f l ood i ng • • • • • • • • • • • •  9 8  
c h em i c al o x id a t ion • • • • • • • • • •  2 7 1  
chem i c al pho toox id a t ion • • . • •  5 0 6  
C h ev ron U . S . A  • • • . • • • • • • • • • • •  2 4 9  
ch r i s tma s t r e e s  • • • • • • • • • • • • • .  8 7 
c i r c u l a t i ng s ys t ems • • • • •  6 7 ,  7 0 ,  

1 7 5 - 1 7 6  
C iv i l L i ab i l i ty Conv e n t ion 

( CLC ) • • • • • • • • •  4 0 9 , 4 1 6 , 4 1 7  
c l ar i f ica t ion 

d r i l l i ng f l u i d s  • • • • • • • • • • •  1 7 4  
prod uced wa ter • . • • • •  9 0 ,  9 2 - 9 3  
r e f i ne ry wa s tewa ter • • •  2 9 2 - 2 9 4  
second a ry • • • • • • • • • • • . •  2 9 3 - 2 9 4  

C l a u s  s ul f ur recov e ry 
pl a n t s  • • • • • • • • • • • • • • • • • •  l 7 1  

C l a u s  ta i l  g a s  
treatme n t  • • • • • • • • • • •  2 6 2 - 2 6 3  

CLC . S e e  C iv i l  L i ab i l i ty 
Conv e n t io n  

C l ean A i r  Ac t 
ac id r a i n  prov i s ions • •  5 8 8 - 5 8 9  
adv e r s e  e f f e c t s  • • • • • •  l 6 4 -1 6 7 , 

1 7 0 - 1 7 1 , 2 4 9 ,  2 5 1- 2 5 8 ,  3 6 5  
a tta i nmen t  a r e a  

prov i s ions • • • • • • •  2 8 -3 0 ,  3 2 ,  
1 6 4 -1 6 5 , 5 5 1 , 5 8 9  

G-4 

d e s c r i p t ion . . • • • • . • • • • • •  2 6 -2 9  
E IS e x emp t ion prov i s io n s  • •  5 4 8  
emi s s ion s tandards 

prov i s io n s  • • • 2 7- 2 9 ,  3 2 , 5 8 9  
h a z a rd o us pol l u ta n t  

prov i s ions • • • . • • • • • • • • • •  3 6 5  
he a l th r e s e ar ch 

prov i s ions • • • • • • • • • • • • • •  4 7 1  
l i t igat ion • • • • • • • • • • • • • • • . •  3 0  
mob i l e  source em i s s ions  

prov i s ions • • • •  3 9 5 - 3 9 6 ,  4 7 0 , 
4 7 2  

n ew source prov i s ions . • • •  2 4 6 , 
2 5 1 , 5 8 9  

non a t ta i nmen t  a r e a  
prov i s ions • . • • • •  2 8 , 3 1 , 3 2 ,  
1 6 4- 1 6 6 ,  2 5 1 - 2 5 2 ,  3 6 4 , 
5 5 0 - 5 5 1 ' 5 8 9  

propos ed chang e s  . • • . • • • •  3 1 -3 2 
s t a te compl i an c e  p l a n s  

prov i s ion s • • • • • • • • •  2 7 ,  2 4 6 , 
3 6 4 - 3 6 5  

C l e a n  A ir S c i e n t i f ic Adv i so ry 
Comm i t te e  ( CASAC ) • • •  2 8 ,  5 9 5  

C l e a n  Wa t e r  Act  
adve r s e  e f f e c t s  • • • • • •  l 8 3 ,  2 7 3  
d e s c r i p t io n  • • • • • • • • • • • • •  3 2- 3 3  
d i scharge  l im i ta t io n  

prov i s ions • • • •  3 3 ,  1 8 3 ,  2 7 2 -
2 7 3 , 2 9 8 , 4 1 8 , 4 2 0 , 5 7 7  

d r edg e  and f i l l  
prov i s ions  • •  3 3 - 3 5 , 1 8 3 ,  4 2 4  

e f fl ue n t  g u id e l i n e  
prov i s ions  • • • • •  2 7 3 - 2 7 7 , 4 2 0 

g ro undwa t e r  prote c t ion 
prov i s ions • • • • • • • • • • • • • •  4 0 3  

man ag emen t  pra c t ice  
prov i s i o n s  • • • • • . • • • • • • • •  2 7 9  

sp i l l  prov i s ions  • • • • •  3 5 ,  1 8 4 ,  
2 7 8 , 4 0 4 , 4 7 9 , 4 8 4 

s ta te c er t i f ic a t io n  
prov i s io n s  • • • • • • • • • • • • • • •  3 5  

v e s s e l  d i s c harge 
prov i s ions  • • • • • • • • •  1 5 1 , 4 0 8  

wa ter q u a l i ty s tandards  
prov i s io n s  • • • • • • • • • •  2 7 7 - 2 7 8  

" ze ro "  d i s c h a rg e  goal • • • • •  2 7 8  
co . S e e  C arbon monox i d e  

emi s s ions 
C02 . See c arbon d io x id e  
coag u l a t ion . . • • • • • • • • • • • • • • •  2 9 0  
coal em i s s i o n s . S e e  s ta t i onary 

source emi s s ions 
Coastal Energy Imp a c t  Fund • •  l 5 8  



Coa s t al Zone Man ag eme n t  Act 
( C ZMA ) • .  3 3- 3 4 ,  1 5 7 - 1 6 0 , 5 4 9  

Coa s tal Zon e Man ag ement 
Improv emen t  Ac t of 
1 9 8 0  . • . . . . • . . . . . . . . . . . • .  1 5 9  

Coa s t a l  Zone Manag eme n t  ( C Z M ) 
plans  • • • •  8 ,  1 4 5 ,  1 5 4 , 1 5 8 -
1 5 9 , 5 4 9 , 5 5 4 

Coa s t  G uard . See  u . s .  Coa s t  
Guard 

cok i ng • • • • • • • • • • . • •  2 2 4 - 2 2 5 ,  2 8 4  
Cold Bed Ab sorp t ion ( CBA ) • • • l 7 1  
comb in a t ion s torage • • • • • • • • •  3 2 6  
comb in i ng proc e sse s 

alky l a t ion • • • • • •  22 6 ,  2 2 9 , 2 8 5  
d e f ined . . . . . . . . . . . . . . . . . . .  2 2 6  
po lyme r i za t ion • • • • • • • • • • • •  2 3 0  

combus t ion e q u i pme n t  
au tomo t ive • • • • • • • • . • . •  4 6 6 - 4 6 8  
d r i l l i ng • • • • • • • • • • . • • •  l 6 8 -1 7 0  
prod uc t ion ope r a t ions • • • •  l 7 0 -

1 7 1 ,  1 7 3 
re f in i ng ope r a t ion s • • • • • • •  2 6 9  
s t a t iona ry p l a n t s  • • •  4 5 6 ,  4 5 8 ,  

4 6 1-4 6 4  
Comm i ttee  o n  Env i ro nme n ta l  

Cons e rv a t ion • • • . • • • • • • • • • . • •  ! 
compl e t ion ope r a t ions . 8 4 ,  8 6 - 8 7  
Comprehens ive E nv i ro nmen tal 

Re sponse , Compe n s a t ion , a nd 
L i ab i l i ty Ac t o f  1 9 8 0  
( C ERCLA ) • • . • • •  3 7 , 2 9 8 ,  3 0 7 , 
4 3 0 , 4 7 9 ,  4 8 0  

compr e s s ion- r e f r ig e ra t ion­
absorpt ion sys t ems • • • • • •  3 9 1  

compr e s s ion- r e fr ig e r a t ion­
cond e n s a t ion s ys t ems • • •  3 9 1-
3 9 2  

c ompres sor s • • • • • • • • • • • . • . • . •  2 7 1  
conce s s io n  ag r eeme n t s  • • • • • • •  l 3 3  
cond uc tor c a s i n g s  • • • • •  7 3- 7 4 ,  9 9  
Con s e rv a t ion Law 

Found a t ion • • • • • • • • • • • • • . • •  5 5 7  
contac t s t ab i l i z a t ion • • • . . . .  2 9 3  
con ta i nme n t  

d i s t r ib u t ion fac i l i ty 
wa s te s  • • • • • . • • • • • • • •  4 2 0 -4 2 1 

d r i l l i ng wa s t e s  • • • • • • •  l 7 6 -1 7 7  
sp i l l s  . • • • • • • . • • •  4 8 4 ,  4 8 6 -4 8 8  

Cont i nen tal O f f shore 
S tra t ig raph ic Te s t  ( COST )  
we 1 1  s . . . . . • • . . . . . . . . . . . . .  6 6 

G- 5 

Con tr a c t Reg ard i ng an I n te r im 
S uppl eme n t  to Tanker 
L i ab i l i ty f o r  O i l  Po l l u­
t io n  ( CR I S TAL ) • . • • • •  4 1 6 - 4 1 7  

Control Te c h n ique G u id e l ine 
( CTG ) d o c ume n t s  • • • •  3 6 4 - 3 6 5 , 
3 7 8  

conv e n t ional  w a t e r  
po l l u ta n t s  • • • • • • • • • • • • • •  3 2 ,  
3 3 ,  2 7 7 ,  2 8 0 ,  2 8 2 ,  2 9 5  

coo l i ng sys tems 
d i s c h a rg e s  . •  l 8 1 , 1 8 6 ,  2 8 2 - 28 3 
em i s s ions  . . . . . . . . . . . . . . . . . 2 6 9  
n a t ur a l  g a s  p l a n t s  • • • • • • • •  l 8 1  
o f f s ho r e  ope r a t ions  • • • • • • •  l 8 6 
r e f i ne r i e s  • • • • • •  2 4 4 -2 4 5 ,  2 6 9 ,  

2 8 2 - 2 8 3  
Coord i na t i ng Re s e a r c h  C o un c i l ­

A i r  Po l l u t ion Re se a r c h  
Adv i sory C omm i t te e  • • • • . •  4 7 1  

cora l  r e e f s  • • • • • • • • • • • • • • • • •  5 1 6  
core d r i l l i ng • • . • • • •  6 3 ,  6 6 ,  1 6 7  
Corpo r a t e  Av e r ag e  F u e l  

Economy ( CAFE ) • • • • • • • • . •  4 6 6 
Corps o f  Eng i n e e r s . S e e  U . S .  

A rmy Corps o f  E ng i ne e rs 
corros ion c o n t ro l  . . • • . . . .  9 4 -9 5 ,  

3 4 1 ,  4 2 8 - 4 2 9  
corrug a te d  p l a te 

i n te r c e p tors . • • • • • • • • • • • •  9 2  
COS T . S e e  Con t i ne n ta l  O f f s ho r e  

S tr a t i g r aph ic Te s t  we l l s  
" c o s t  r e a so nabl e n e s s " 

t e s t . • • • • • . . • • • . • . •  2 7 7 , 2 8 2 
Counc i l  on E nv i ronme n ta l  

Qual i ty ( CEQ ) • • • • • •  5 4 8 ,  5 5 3  
crack i ng proc e s s e s  

c a t a l y t ic • •  2 2 5 - 2 2 6 ,  2 4 6 ,  2 7 0 , 
2 7 2 ,  2 8 4  

d e s c r i p t ion • • • • • . • • • • • • • • •  2 2 4  
d i sch arg e s  • • • • • • • • • • • • • • • •  2 8 4  
emi s s ions • • • • • • • • • • • • • • • • •  2 7 0  
hyd roc r ac k i ng • • •  2 2 6 , 2 7 0 , 2 8 4  
the rm a l  • • . . • • • • • • • . • • •  2 2 4 - 2 2 5  

CRISTAL . S e e  C o n t r ac t Reg ard­
i ng an-rnt e r im S uppl eme n t  
t o  Tanke r L i ab i l i ty for 
O i l  Po l l u t ion 

c r i te r i a  po l l u ta n t s  • • • • •  3 6 5 - 3 6 7  
c r i t ic al h a b i t a t s  • • • . • • • . • • •  1 4 3  
c r ud e  o i l  

charac t e r i s t i c s  • • • • • . • • . . .  2 1 7  
d i s t i l l a t ion proc e s s e s  • . • •  2 8 3  



d i str i b u t i o n  sys tem • • • • • •  3 3 3 , 
3 3 4 ,  3 3 7 , 3 4 7 -3 4 9  

r e f i n e ry r u n s  • • • • • • • •  2 4 8 , 2 4 9  
re f in i ng proc e s s • • • • • • • • • •  2 2 0  
s to rag e • • • • • • • • • • • • • •  3 6 8 , 3 6 9  

c rude o i l fract ionat ion 
chem i c a l  treatm e n t  • • • •  2 3 4 - 2 3 5  
d i scharges  • • • • • • • • • • • • • • • •  2 8 3  
f r ac t io n  sour c e s  • • • • • • • • • •  2 3 3  
hyd rod e s u l f ur i z a t ion • • • . •  2 3 3-

2 3 4 , 2 8 4  
c ru d e  o i l was h i ng • • • • •  3 9 4 ,  3 9 5 , 

4 1 0  
CTG . S e e  Con trol Techn i q ue 

Gu i d e l in e  d o c umen t s  
cu t-back asphalt • • • • • • • • • • • •  4 7 4  
cyc l one s • • • • • • • • • • • • • • • • • • • •  4 5 7  
cyclone s k imme r s  • • . • • • • • • • . •  4 8 7  
C Z M . S e e  Coastal  z one 

Man ag ement plans 
C Z MA .  See Coastal Z o ne Manage­

men t  Act 

D 

DAF . S ee d i s solv ed a ir 
flotation 

deck d ra i n wa ter • • • • • • • •  l 8 5 - 1 8 6  
ded i c a te d  c l e an b a 1 1 a s t  . • . . .  4 1 1  
deepwa te r  por t s  • • • •  3 4 8 - 3 4 9 ,  5 5 7  
d e hyd ra t io n  • • • • • • • •  9 0 ,  1 0 0 , 1 0 2  
DE I S .  S e e  Draf t  E nv i ro nmental 

Impact S ta teme n t s  
d eme than i z i ng • • • • • • • • • • • . • • •  l 0 2  
Departmen t  o f  Ag r ic u l ture • •  l l 5 , 

1 4 1 ' 1 4 2 
Depar tme n t  o f  C omme r c e  

d redge a n d  f i l l  pe rmi t  
role . . . . . . . . . . . . . . . . . . . .  5 4 9  

end a ng ered s pe c i e s  role • • •  l 4 2  
f ac i l i ty s i t i ng ro l e  • •  5 5 4 - 5 5 5  
o f f s ho r e  l e a s i ng 

r o l e  • • • • • • • • . • • • • • • •  l 5 8 - 1 6 1 
Depar tme n t  o f  De f e n s e  • •  l 3 8 ,  1 5 1 
Depa r tment o f  Energy ( DOE ) • • •  l ,  

5 4 3  
Departm e n t  o f  the 

I n t e r i o r  ( DO l ) 
e ndangered spe c i e s  r o l e  • • • l 4 2 
I n d i a n  lands  role • • • •  l 2 7 ,  1 3 3  
l and w i thd rawa l r o l e  • • • • •  l l 5 , 

1 1 7 , 1 1 8 , 1 2 2- 1 2 3  
OCS a ir em i s s i o n  

reg u l at ions • . . • • • • • . • • • •  1 6 5  

G - 6  

o f fs ho r e  l e a s i ng r o 1 e  • • • •  1 4 4 -
1 4 6 ,  1 5 0 , 1 5 2 , 1 5 5 , 1 5 9 , 
1 6 0  

onshore l e a s i ng rol e  • • • • •  l 2 2 ,  
1 2 4- 1 2 9 , 1 3 3 ,  1 3 5  

r ig h t-of-way c o r r i d or 
r ev iew • • • • • • • • • • • • • • • • • •  l 4 1 

S a n ta Yne z  Un i t  r ev i e w  • • •  5 6 7-
5 7 0  

Departmen t  o f  J u s t i c e  • • • • • • •  1 5 9  
Depa r tment o f  Tra n s po r ta t io n  

( DOT ) 
p i pe l i n e  r e g u l a t ions • • • • •  l 5 0 , 

3 3 4 , 3 4 1 , 3 5 8 , 4 0 3 , 4 2 3 , 
4 2 4 ,  4 2 6 -4 2 7  

tank c ar reg u l a t io n s  • • • • • •  3 4 6  
d e s a l t i ng • • • • • • • • •  2 2 1 , 2 8 3 ,  2 8 8  
d e s u l f ur i za t i o n  

c r ud e  o i l  . • • • • • • •  2 3 3 - 2 3 4 ,  2 8 4  
f l ue g a s  • • • • • • • • • • • • •  4 5 0 , 4 5 4  
f ue l  . . . . . . . . . . . . . . . . . . . . . .  4 5 2 
hyd ro- • • • • • •  2 3 3 - 2 3 4 , 2 8 4 , 4 5 3  
s ul f ur r e c ov ery • • • • •  1 7 1 , 2 3 9 ,  

2 4 6 , 2 4 9 ,  2 5 8 - 2 5 9 , 2 6 1- 2 6 2 ,  
2 8 8  

Deve l opmen t  and Prod u c t ion 
Plans • • • • • • • • • •  l 5 8 , 1 6 5- 1 6 6  

d ewa te r i ng • • • • • • • • • • • • •  2 9 6 ,  2 9 7  
d ike conta i nm e n t  sys tems • • •  l 8 1 ,  

4 2 1 
d i sc harge p e rm i ts . S e e  

National  Pol l utant D i s ­
charge E l i m i n a t i o n  Sys tem 
( NP DE S ) p e rm i t s  

d i s i n f e c t io n  • • • • • • • • • • • • • • • •  2 8 6  
d is pe r s ion • • • •  4 8 8 -4 9 1 , 5 0 5 ,  5 1 1  
d i s solved a ir f l o ta t io n  

( DAF )  • • • • • • • • • •  2 9 0 - 2 9 1 , 2 9  3 
d i ssolved s o l i d s  

d i s c h a rg e s  • • • • • • • • • • • • • •  1 8 1 
DOE . S e e  Depa r tm e n t  o f  E n e rg y  
DO l .  S e e  Depa r tm e n t  o f  the 

I n te r io r  
d ome s t i c  wa s t e s  • • • • • • • • • • • • •  l 8 6 
DOT . S e e  Depar tme n t  o f  

Transpo r t a t ion 
Dow Chem i c a l  Company • • • • • • • •  5 4 9  
Dra f t  E nv i ro nmen t al I mp a c t  

S ta t emen t s  ( DE I S ) • • • • • •  l 5 1 , 
1 6 2- 1 6 3 ,  1 6 6 - 1 6 7  

d re d g e  and f i l l  ( S e c t io n  4 0 4 ) 
pe rm i t s  

adv e r s e  e f f e c t s  • • • • • •  l 8 3 ,  5 5 7  



d e sc r ip t i o n  • • • • • • • • • • • • •  3 3 - 3 5 
d r il l i ng ope r a t ions • • •  7 5 ,  7 6 ,  

1 8 3  
E IS r eq u i r emen t s  • • • • • • • • • .  5 4 9  
fac i l i ty s i t i ng • • • • • •  5 4 9 ,  5 5 7  
p i pe l i n e s  • • • • • • • • • • • • • • • • •  4 2 4  
we tl a nd and l ake areas • • • • •  9 ,  

3 5 ,  1 8 3 ,  1 8 4 ,  4 2 4  
d r i l l i ng f l u id s  

con t ro l  • • • • • • • • • • • • • • •  1 7 5 - 1 7 6  
d i spo s a l  • • • • • • • • •  l 7 4 - 1 7 5 ,  1 8 5  
e nv iro nmen ta l  e f fe c t s  • • • •  l 9 3-

2 0 1 , 2 0 3  
r eg ul a t ions • • . • •  l 7 5 ,  1 8 5 ,  2 0 2  
sou r c e s  • . • • • • • • • • . . • • . . • • •  l 8 5  
s tor age • • • • • • • • • • • • • • • • • • •  l 7 4  
und e rwa ter d i spe r s a l  

pa t te r n s  • • • • • • • • • • • •  l 8 8 - 1 9 3  
u s e  o f  • • • • • • • • • • • • • • • • • •  6 7 - 7 0  

d r i l l i ng ope r a t ions 
a ir po l l u t ion • • • • • •  7 4 ,  9 1 - 9 2 , 

1 6 7 - 1 6 9  
compl e t ion proc e d u r e s  • • • • •  8 4 ,  

8 6 - 8 7  
d e sc r ip t ion • • • • • • . • • • • • •  6 6 - 7  5 
e nv i ro nmen t a l  e f fe c t s  • • • •  l 5 5-

1 5 7 ,  1 6 4 , 2 0 3  
f ac i l i ty s i t i ng • • • • • • • • • • •  5 5 8  
forma t io n  ev a l u a t ion • • • • • • •  8 5  
leas i ng g ov e r nmen t  

l ands • • . • • • • • •  l 2 7 , 1 2 9 -1 3 0 , 
1 3 3 -1 3 8 , 1 5 1 - 1 5 3 ,  1 5 7  

o f f shore • • • 6 3 ,  6 6 ,  7 5- 7 6 ,  8 0 -
8 5 ,  1 4 5 ,  1 5 3 - 1 5 7 ,  1 6 8 ,  
1 8 4 - 2 0 1 , 4 9 8 -4 9 9 ,  5 5 8  

onshore • • •  6 6 ,  6 7 ,  7 2 ,  7 4 ,  7 5 ,  
1 2 7 ,  1 2 9 - 1 3 0 ,  1 3 3 - 1 4 3 ,  1 4 5 ,  
1 5 1- 1 5 5 ,  15 7 ,  1 6 8 ,  1 7 3- 1 7 7  

perm i t t i ng proc e s s  • • •  l 3 8 - 1 4 3 , 
14 5 ,  1 5 3- 1 5 5  

spi l ls • • . •  1 5 7 ,  1 7 7 , 1 8 4 , 1 8 8 ,  
4 9 8 -4 9 9  

wa ste manag emen t  • • • • • •  2 0 2 - 2 0 5  
wa ter pol l u t ion • • •  7 4 - 7 5 ,  1 5 4 -

15 7 ,  1 7 3 - 1 7 7 ,  1 8 4 - 2 0 1  
d r i l l i ng r ig s  

cas i ng and cemen t i ng • • .  7 2 - 7 4 , 
17 6 

c ircu l at i ng sys tem . • • •  6 7 ,  7 0 , 
16 9 ,  17 3 ,  1 7 5 - 1 7 6  

d e s c r ip t ion • • • • • • • • • • • • •  6 6 - 6 7  
d ev e l opme n t a l  • • • • • • •  8 1 , 8 4 - 8 5  
d r i l l  sh ips • • • . • . . • • • •  7 6 , 1 6 8  

G- 7 

e x p l o r a to ry • • • • •  6 6 - 6 7 ,  7 0 - 7 6 , 
8 0 - 8 1  

ho i s t ing s y s t em • • • • . • • • • • • •  6 7  
j a ck-up • • • • • • • • • • • • • • • • • • • •  7 6  
mar i n e  r i s e r s  • • • • • • • • • • •  8 0 - 8 1  
mob i l e  • • • • • • • • •  7 5 - 7 6 ,  8 0 ,  1 5 5  
o f f shore • • • •  7 5 -7 6 ,  8 0 -8 1 ,  8 4 -

8 5 ,  1 6 8 - 1 6 9  
p l a t f o rms • • . • • • • • • • •  8 1 , 8 4 - 8 5  
powe r g e n e r a t ion • • • • • •  l 6 8 - 1 6 9  
pre s s ur e  control sys tem • • •  7 1-

7 2 ,  8 1  
rotary • • • • • • • • • • •  6 6 -6 7 ,  7 0 - 7 4  
rota t i ng s y s t em • • • • • • • • •  7 0 - 7 1  
s em i s ubme r s i b l e  • • •  7 6 ,  8 0 , 1 6 8 
space  r e q u i r eme n t s  • • • • . • • • •  7 5  
s ubme r s i b l e  • • • • • . • • . • • • • • • •  7 6  

d r il l  s h ips . • . • • • • • • • • • •  7 6 , 1 6 8  
d r i l l  s tem t e s t s  • • • • • • • • .  7 4 , 8 5  
d r in k i ng wa t e r  • • • • • • • • • •  3 5 ,  5 8 7  
d r i p  pans  • • • • • • • • • • • • • •  l 7 6 , 1 8 6  
D uba i Pe t ro l e um C ompany • . • • •  3 2 4  
d u s t . S e e  par t i c u l a te 

emi s s ions 

E 

EA . S e e  e nv ironmen t a l  
a s s e s sme n t s  

E IS . S e e  e nv ironm e n t a l  
imp a c t  s ta t eme n t s  

Eko f i s k  o i l f i e l d  • • • • • •  5 1 8 , 5 1 9  
e l e c tr i c al r e s i s t iv i ty 

surveys . . . . . . . . . . . . . . . . . .  6 4  
e l e c tr i c  l og g i ng • • • • • • • . • • • • •  8 5  
e le c t ro s t a t ic 

prec i p i ta tors • • . • . •  2 7 2 ,  4 5 6  
e l ev ated s to r ag e  • • •  3 2 3 - 3 2 4 , 3 2 6  
emi s s ion o f fs e t s  • . •  2 8 , 2 5 1 - 2 5 2 ,  

5 5 0 - 5 5 1 , 5 7 6 -5 7 7  
Em i s s ions O f f se t  Po l i cy • • • • • •  2 8  
emul s i f i c a t ion . • • • • • • • • • • . • •  5 0 6  
Endang e r ed Spe c i e s  A c t  • • .  8 ,  3 4 ,  

3 8 ,  1 4 2 - 1 4 3 , 1 6 0  
e n e rg y  con s ump t ion • • • • • • • •  l 5 - 1 7  
Energ y  Mob i l i z a t ion Board • • •  5 5 3  
E n e rg y  S e c ur i ty A c t  • • • •  5 8 5 ,  5 9 0 
Energy S uppl y  and Coor d i n a t ion 

Ac t . • . • • • • • • . • • . . . . . . • . •  5 4 8  
e ng ine s .  S e e  combus t ion 

e q u i pment 
e nhanced o i l  recov ery 

( EOR ) • .  9 7 -9 8 ,  1 1 1 , 1 7 7 , 5 5 7  



e nv i ro nmen ta l  a s s e s sme nt s  
( EA )  • • • • • • • • • • • • • • • • • • • •  1 4 0  

S e e  a l s o  e nv i ro nm en t a l  rev iew 
e nv iro nmen t al cons e rv a t ion 

conv e n t ional ope r a t ions • • •  4 - 6  
c o s t s  • • • • • • • • • • • • • • • • • • •  l 0 - 1 1  
fed e r al reg u l a t io n s  • • •  l 5 , 2 4 -

3 8  
i nt e r n a t ional 

c o nv e n t ions • • • • . • • • • • •  3 8 - 4 3  
i s s u e s  . . . . . . . . . . . . . . . . . . . .  3 - 4  
r eg u l a to ry imp a c t  • • • • • • • •  7 - l0 
s ta t u s  o f  • • • • . • • • • • • • • • • • •  l - 2 
s yn th e t ic f uel 

op e r a t ions • • • • • . • • • • • • • •  6 - 7 
e nv i ro nmen t al imp a c t  s ta t ements 

( E IS )  
d e sc r i p t ion • • • • • • • • • • • • •  2 5 - 2 6  
d re d g e  a n d  f i l l  pe rm i t  

r eq u i r ements • • • • • • • • • • • • •  3 4  
f ac i l i ty s i t i ng 

r eq u i r emen t s  • • • • • • • • • • •  5 4 4 ,  
5 4 8 -5 4 9 , 5 5 6 ,  5 6 7 ,  5 6 8 , 
5 7 0 - 5 7 1 , 5 7 9  

l eas ing requ i r em e n t s  • . • • •  l l 9 ,  
1 2 2 , 1 3 4 , 13 8 ,  1 5 7  

Env i ronmen ta l  Po l i c y  
Center . . . . . . . . . . . . . . . . . . 1 2 5  

Env i ronmental Protec t io n  Ag e n cy 
( EPA ) 

a c id ra i n  • • • • • • • • • • • • •  5 8 8 - 5 8 9  
a i r pol l u t ion 

reg ul a t i o n s  • • • • • • • • • •  2 7 - 3 1 ,  
1 6 5 ,  2 4 9 ,  2 5 6 - 2 5 8 ,  3 6 4 -3 6 5 ,  
3 7 8 , 3 8 7 , 5 4 8 ,  5 5 7 , 5 7 0 -
5 7 1 , 5 7 6 ,  5 9 4- 5 9 5  

automo t i v e  em i s s io n  
r e g ul a t ions • • • •  4 6 7 ,  4 7 0 -4 7 1  

d redge a n d  f i l l  p e rm i t  • • • •  l 8 3  
d r i l l  i n  g pe rmi t • • • • • • • • • • •  5 5  8 
d r ink i ng wa ter s tand ard s • • •  3 5  
mar i ne per sonnel 

tra i n ing • • • • • • • • • • • • • . • •  4 1 3  
o f f s hore . • . •  l 5 0 - l 5 l , 1 5 3 -1 5 5 , 

1 6 5 ,  1 8 4 - 1 8 6  
s p i l l  r e g u l a t io n s  • . •  l 8 4 ,  4 2 1-

4 2 3 , 4 8 0 , 4 8 9 , 4 9 2  
wa s t e  man ag eme n t  • • • . • . •  3 6 - 3 7 , 

1 8 8 ,  2 9 8 , 2 9 9 , 3 0 7 -3 0 8 ,  
4 3 1 -4 3 2  

Env i ronme n ta l  Re s e a r c h  a nd 
Technology , Inc  • • • • .  2 5 2 - 2 5 8 
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env ironmen t a l  r ev i e w  
corpo r a t i o n- i n i t ia t ed • • • •  5 5 4 -

5 5 5  
d r i l l i ng pe rm i t s  • •  2 6 , 1 4 0 - 14 1 
f ac i l i ty s i t i ng • • • • •  5 4 9 , 5 5 4 -

5 5 5 , 5 5 8 , 5 5 9 ,  5 6 8 , 5 7 8  
Fore s t  S e rv i ce 

requ i r eme n t s  • • • • • • • •  l 3 4- 13 5  
land d i spos a l  • • • • • • • • • • • • •  1 8  8 
l e a s i ng r e q u i r emen t s  • • • • •  l 3 4-

1 3 6 ,  1 4 6 ,  1 5 1- 1 5 2  
mar ine s an c t u a ry 

c and i d a t e s  • • • • • • • • • •  1 6 2- 1 6 3  
o f f s ho r e  r e q u i r emen t s  • • • •  l 4 5 ,  

1 4 6 ,  1 5 1- 1 5 2  
s ta te r e q u i r emen t s  • • • • • • • •  5 4 9 

Env i ronme n t a l  S t ud i e s  
Progr am • • • • • • • • • • • • • • • • •  l4 6 

EOR . S e e  enhanced o il recov e ry 
e poxy l i n i ng s  • • • • • • • • • • • • • • •  4 2 9 
equa l i z a t io n  • • • • • • • • • • •  2 9 0 , 2 9 3  
e ros ion d e te c to r s  • • • • • • • • • • • •  9 l  
e thane • • • • • • • • • • • • • • • • •  l O O ,  1 0 2  
evapor a t ion pon d s  • • • • • • • • • • •  4 2 5  
explora t i o n  

a ir pol l u t ion • • • • • • • • •  l 6 4- 16 7 
d e s c r ip t i o n  • • • • • • • • • • • •  6 1 , 6 3  
e nv i ro nme n t a l  c o s t s  • •  2 0 1 , 2 0 5  
e nv i ro nmen ta l  e f fe c t s  • • • •  l 5 6 -

1 5 7 ,  1 6 4 , 2 0 3  
fac i l i ty s i t ing • • • • •  5 5 9 , 5 6 7 -

5 7 1 
geochem i c a l  s urveys • • • • •  6 5 - 6 6  
g eo l og i c al s urveys • • • • • • • • •  6 3  
geophy s i c al s urveys • • • • •  6 4 - 6 5  
l e a s i ng g ov e r nme n t  l and • •  l l 6 , 

1 1 7 , 1 1 9 , 1 2 7 ,  1 2 9 - 1 3 0 ,  
1 3 3- 1 3 8 , 1 5 1- 1 5 3 ,  1 5 7  

o f f shore ope r a t i o n s  • • •  6 3 ,  6 4 , 
6 6 ,  7 5- 7 6 ,  8 0- 8 1 , 1 4 4 - 1 4 5 ,  
1 5 3 -1 5 7 , 1 6 5 - 1 6 6 ,  1 6 8 ,  5 5 9  

pe rm i t t i ng proc e s s  • • •  l 3 8 - 14 3 , 
1 4 5 ,  1 5 3 - 1 5 5 

photograph i c  s urveys • • • • • • •  6 4  
sonar s urveys • • • • • • • • • • • • • •  6 4  
was t e  man ag emen t  • • • • • •  2 0 2 - 2 0 5  
wa ter pol l u t i o n  • •  3 5 ,  1 5 3 - 1 5 5 ,  

1 8 2- 1 8 4  
S e e  a l s o  d r i l l i ng ope r a t i o n s ; 

d r i l l i ng r ig s  
Explorat i o n  P l a n s  • •  l 5 8 ,  1 6 5 - 1 6 6  
e x plos ions • • • • • • • • • • • • •  4 0 3 , 4 0 5  
Ex xon • • • • . • • • •  l 6 5 , 5 5 9 , 5 6 7- 5 7 1  



F 

fac i l i ty s i t i ng 
adv anced s i te 

id en t i f ic a t ion • • • • • • • • • •  5 5 4  
b ackg round • • • • • • • • • • • • • • . •  5 4 3  
d e l ayed pro j e c t s  • • • • . •  5 5 6 - 5 5 8  
e nv i ronmental  r ev i ew 

r eq u i r emen t s  • •  5 4 4 ,  5 4 8 - 5 4 9 ,  
5 5 4 -5 5 0 , 5 5 8 , 5 5 9 , 5 6 7 ,  
5 6 8 ,  5 7 0 -5 7 1 , 5 7 8 ,  5 7 9 

e xpan s ion o f  pl a n t s  • • • • • •  5 5 0 , 
5 7 1 ,  5 7 5  

e xpl oration and prod uc t i on 
pro j e c t s  • • •  5 5 7 - 5 5 9 ,  5 6 7 - 5 7 1 

" gr a s s roo t s "  pl a n t s  • • • • • . •  5 5 0 
o f f s hore . • • • •  5 5 6 - 5 5 9 ,  5 6 7 - 5 71 
pe rm i t t i ng • • •  l 3 8 -1 4 3 , 1 5 3 - 1 5 5  
pe rm i t t i ng proc e s s  • • •  l 5 3 ,  1 5 4  
proj e c t  p l an n i ng • • • • • •  5 4 9 - 5 5 6  
r e f in i ng . • •  5 5 2 ,  5 5 7 ,  5 7 1- 5 7 2 ,  

5 7 4 - 5 7 7  
r e g u l a t ions • • • •  2 8 - 3 1 , 3 3 ,  3 5 ,  

5 4 3 - 5 4 4 , 5 4 8 - 5 5 3  
s yn th e t ic f ue l  p l an t s  • • • •  5 7 7 -

5 8 0  
FCCU . S e e  f l u id c a talyt ic 

c rack i ng un i ts 
Feder al-A id H ig hway Ame ndme n t s  

of 1 9 7 4  • • • • • • • • • • • • • • • • •  3 4 7  
Federal E n e rgy Reg ul a to ry 

Comm i s s ion • • • • • • • • • • • • • •  5 5 7  
Feder a l  Land Pol i cy a nd 

Man ag eme n t  Ac t 
( FLPMA ) • • • • • • • • • • • •  l l7 - 1 2 0 ,  
1 2 3 ,  1 4 1- 1 4 2  

federal l ands 
access  po l i cy • • • • • • • •  l l 3 , 1 1 5  
e x t e n t  o f  . • • • • • • •  l l 2-1 1 3 , 1 2 6  
j ur i sd i c t ion ov e r  • • • . •  l l 5 - 1 2 0  
l e a s e  d e l ays • • • • • • • . • •  l 3 7 - 1 3 8  
l e a s e  s t i p u l a t ions • • • •  l 3 3- 1 3 6  
l ea s i ng and b id d i ng 

sys tems • • . • • • • • • . • • • • . •  l 2 7 ,  
1 29 - 1 3 0 ,  1 5 1- 1 5 3  

o f f shore • • • • . • • • • • • • . •  1 4 3 - 1 6 4  
pe rm i t t i ng . . •  l 3 8 - 1 4 3 , 1 5 3- 1 5 5  
s ta t us of • • • • • • • • . • • • • • • • •  l 2 6 
w i t hd rawa l s  . • • •  l l 3 , 1 1 5 , 1 1 7 , 

1 1 8 ' 1 2 1- 1 2 6  
Federal Ra i l ro ad 

Adm i n i s tr a t ion • . • • • • • • • •  3 4 6  
Federal Wa t e r  Pol l u t io n  Control 

Ac t • • •  3 2 , 2 7 3 , 2 7 6 -2 7 9 , 5 4 8  
See a l so C l ean Wa ter Ac t 
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FE I S . See F in al E nv i ro nme n t a l  
Impac t  S ta teme n t s  

f i brous e l eme n t  coa l e s c i ng 
d ev i c e s  • • • • • • • • • • • • • • • • • •  9 2  

F i n a l  E nv i ronme n t a l  Impa c t  
S ta t emen t s  ( FE I S )  • • • • • •  l 5 2 , 
1 5 5 - 1 5 6 ,  1 6 3  

f i r e s  • • • • • • . •  2 4 5 ,  4 0 3 ,  4 0 5 ,  4 0 6 
f i sh . S e e  mar i n e  e co l og y  

h a zards  
F i sh a nd W i l d l i fe Ac t • • • . • • • •  3 4  
F i sh and W i ld l i fe S e rv ice . 

S e e  u . s .  F i sh a nd W i ld l i fe 
S e rv i c e  

F iv e-Year OCS O i l  a nd G a s  
Lea s i ng S ch e d u l e  • • •  l 4 5 - 1 4 6 , 
14 9 ,  1 5 5 - 1 5 7 

f ix ed roof tanks • • • • • •  3 71 ,  3 7 4 , 
3 7 5 , 3 7 7  

f l are s y s tems • • • • •  2 4 2 ,  2 4 4 ,  2 6 8 
" f l e x i cok i ng "  • • • • • • • • • • • • • . •  2 2 5  
floa t i ng roof tanks 

e x ternal  • • •  3 6 9 , 3 7 5 , 3 7 7 , 3 7 8  
i n ternal • • • • . • • •  3 7 2 ,  3 7 5 , 3 7 7 

f l oa t ing s to r ag e  . • • • • • • • • • • •  3 2 4  
floa t i ng s uc t ion s k immer s  • • •  4 8 7  
float i ng we i r  s k imme r s  • • • • • •  4 8 7  
f l o c c u l a t ion • • • • • • • • • • • • • • . •  2 9 0  
f l ood pl a in reg u l a t ions • • . • •  l 8 4  
Flor ida E l e c tr i c a l  Powe r P l an t  

S i t i ng Ac t • • . • • • • • • • • • • •  5 5 5  
flota t io n  • • • • • • • • . • • . • . •  2 9 0 - 2 9 1  
Flowe r Garde n  Banks M a r i n e  

S an c t uary • • • • • • • • . •  l 6 2 , 1 6 3  
FLPMA . S e e  F e d e r a l  Land 

Pol i cy and Man ag eme n t  Ac t 
f l u e  g a s e s  

c arbo n monox i d e  r emov a l  . •  4 6 3 , 
4 6 4  

n i troge n  o x i d e  r emov al • • •  4 6 1 , 
4 6 2 

par t i c u l a te r emov al • • •  4 5 6 -4 5 7 
recyc l i ng • • • • • • • • • • • • • • • • •  4 6 1  
s ul f ur r emov a l  . . • • • • .  4 5 0 , 4 5 4 

f l u id c atalyt i c  c rack i ng un i ts 
( FCCU ) • • • • • • • • • • • • •  2 2 6 , 2 4 6  

Fore s t  a nd Rang e land Re newab l e  
Re sources P l ann i ng 
Ac t • • • • • • • • . • • • • • • •  1 1 6 ,  1 2 0  

For e s t  P l a n s  • • • . • •  l l 6 , 1 3 4 ,  1 3 6  
Fore s t  S e rv i c e . S e e  U . S .  

For es t  S e rv ic e  
forma t ion ev a l ua t ion • • • • • • • • .  8 5  
f r ac t iona t ion p l a n t s  • • • •  l 0 0 - 1 0 4  



f ue l  c o nv e r s ion pl a n t s  • • • . . . •  3 0  
f ue l  e co nomy s tandards • • • . • •  4 6 6  
f ue l  emi s s ions 

c arbon mono x id e • • • • • •  4 6 2-4 6 5 ,  
4 6 8 ,  4 7 0  

d e s ul f ur i z a t io n  • • • • • • •  4 5 2-4 5 3  
hyd roc arbon • • • . • 4 6 4 ,  4 6 5 ,  4 6 8  
mob i l e  sou r c e  • • •  4 6 5 -4 6 8 ,  4 7 0 -

4 7 3  
n i trog e n  ox i d e s  • • • • •  4 4 3 ,  4 5 8 , 

4 6 1- 4 6 2 ,  4 6 5 ,  4 6 8 ,  4 71 
p ar t i c u l a te • • • •  4 4 3 , 4 5 2 , 4 5 4 ,  

4 5 6 -4 5 8 , 4 7 1 
r eg u l a t ions • • • •  4 5 2 , 4 6 5 , 4 6 7 -

4 6 8 ,  4 7 0 -4 7 3  
s ta t i onary source  • • • 4 4 5 ,  4 5 0 , 

4 5 2-4 5 4 , 4 5 6 - 4 5 8 ,  4 6 1- 4 6 4  
s ul f ur o x i d e s  • •  4 4 3 , 4 4 5 , 4 5 0 , 

4 5 2-4 5 4 , 4 6 5  
t ype s . . . . . . . . . . . . . . . . . . . . .  4 4 3 

f ue l  o i l s  • • • • • • • • •  3 6 1 , 3 6 9 ,  4 3 1  
f ue l  s ub s t i t u t ion • • • • •  4 5 2 ,  4 5 7 -

4 5 8 , 4 6 3  
Fue l U s e  Ac t • • . • • • • • • • • • • • • •  4 5 2  
F und Conv e n t ion • • • •  4 0 9 , 4 16 - 4 1 8  
f ung i b l e  prod u c t  p i pe l i n e s  • •  3 3 7  
f urnace s .  S e e  c ombus t ion 

equ i pmen t  
FWS . S e e  u . s .  F i sh and 

W i l d l i fe S e rv i c e  

G 

GAO . S ee General Accoun t i ng 
O f f ic e  

gas c l ean i ng • • • • • • • • • • • • • • • •  4 6 3  
g a s  f l o t a t i o n  d ev i c e s  • • • •  9 2 , 9 3  
g a so l ine 

automo t iv e  f u e l  
emi s s ions • •  4 6 5 -4 6 8 , 4 7 0 - 4 7 1  

emi s s ions • . • • . • • •  3 6 8 , 3 9 7 -4 0 1  
load i ng v a por 

control • . . • • • • • • • • • •  3 8 1 - 3 9 3  
marke t i ng • • • • • • • •  3 6 1 , 3 9 7 - 4 0 1  
s to rag e • • • • • • • • • • • • • •  3 6 9 ,  3 8 1  
unle ad ed • • • • • • • • • • • . • •  4 6 7 -4 6 8  
wa t e r  po l lu t i o n  • • • • . • • . • • . • •  6 

General Acc o un t i ng O f f i c e  
( GAO ) • • • • • . • • • • • • • • •  l 2 4 - 1 2 5  

General Allo tmen t  Ac t o f  
1 8 8 7  . . . . . . . . • • . . . . . . . • . .  l 2 6  

General  W i t hd r awal Ac t • • • • • •  l l 5  

g eochem i c a l  s t ud i e s  • • • • • • •  6 5 - 6 6 
geolog i c al s t ud ie s  • • • . • • • • • • •  6 3  
geophys i c al s tu d i e s  • • • • • •  6 4 - 6 5 , 

G - 1 0  

1 4 9 ,  1 6 7  
Georg e s  Bank Mar i n e  

S an c t uary • • • • • • • • • •  l 6 3 ,  5 5 7  
G i n a/G i l d a  P ro j e c t  • • • • • • • • • •  5 5 9  
Good E n g i n e e r i ng P r ac t i c e s  • •  2 9 8  
gov er nmen t  l a nd s . S e e  f e d e ra l  

lands : I nd i an lands : s ta t e  
lands  

Gr anular  A c t iva t ed C arbon • • •  2 9 4 
g ranul a r  med i a  f i l te r s  • • • • • •  2 9 4  
g r av e l  packs • • • • • • • • • • • • • • • • •  9 4  
g rav i ty s e pa r a t i o n  • • • •  2 6 9 , 2 8 9-

2 9 0 ,  2 9 3  
g r av i ty s urveys • • • • • • • • • • • • • •  6 4  
Gray ' s  Ree f  N a t ion al M a r i n e  

Sanc tuary • • • • • • • • • • • • • • •  l 6 2  
" greenhou s e "  e f f e c t  • • • • •  5 9 0 - 5 9 2  
g roundwa ter contam i n a t io n  • • • •  6 ,  

7 ,  4 0 3 ,  4 0 4  

H 

H ampton Roa d s  p ro j ec t  • • • • • •  5 5 7 , 
5 7 6 - 5 7 7  

Hazardous L i q u id P i pe l ine 
S a f e ty Ac t o f  1 9 7 9 • • • • • •  4 2 7  

hazardous  m a te r i a l s  
em i s s io n s  • •  3 6 7 -3 6 8 ,  4 7 0 -4 7 1  

c o s t s  o f  reg u l a t io n  • • •  l O , 1 1 ,  
3 6 ,  3 7 ,  2 0 2  

d i sc harg e s  • • • • • • • • • • • • • •  3 2 - 3 3  
d i s tr ib u t i o n  o pe r a t ions • •  3 6 7 -

3 6 8 , 4 3 0 -4 3 3  
e nv ironme n t al e f f e c t s  • •  6 ,  1 0 , 

3 5 ,  2 0 3 , 3 6 7 -3 6 8  
e xplora t io n  a nd 

prod uc t i o n  • • • • •  2 0 2 - 2 0 3 , 2 0 5  
f ac i l i ty s i t i ng and • • •  5 4 8 - 5 4 9  
r e f i n i ng • • • • • • • • •  2 7 8 , 2 9 8 - 3 0 7  
s p i l l s  • • • • •  5 ,  6 ,  3 5 ,  3 7 ,  2 7 8 ,  

4 7 9 -4 8 1  
u n d e rg round i n j e c t io n  • • •  3 5 -3 6 
wa s t e  manag emen t  • • •  5 ,  1 0 ,  1 1 ,  

3 5 -3 7 ,  2 0 2 - 2 0 3 ,  2 0 5 ,  2 9 8 -
3 0 7 , 4 3 0 -4 3 3  

He a l t h  E f f e c t s  I n s t i t u t e  • • • •  4 7 1  
h e a l t h  h a z a r d s  

ac id r a i n  . • • • • • • • • • • • • • • • •  5 8 7  
ben z e ne em i s s i o n s  • • • • • • • • •  3 6 8  
d r i l l i ng wa s t e s  • • • • • • • • • • •  2 0 3  



f ue l  add i t iv e  em i s s ions • • •  4 7 0  
i ndoor a ir pol l u t ion • • • • • •  5 93 
l e ad em i ss ions • • • • • • • •  4 7 0 -4 7 1  
l ub r i c a n t  was te s  • • • • •  4 3 2 ,  4 7 3  
o il s p i l l s  • • . • • • • • • • •  5 0 9 , 5 2 0  
part i c u l ate 

em i s s ions • • •  � • • . • • • •  2 8 , 4 71 
s yn the t ic f uel operat ions • • •  ? 

heav y  o i l recov e ry • • • • • •  l 7 0 -1 7 1  
h ig h-mo l ecul a r-we igh t  

hyd roc arbons • • • • • • • •  5 0 2- 5 0 4  
h ig h-vol ume d i sc ha rg e s  

s t ud y  • • • • • • • • • • • • • • • • • • •  l 91 
h o i s t i ng system • • • • • • • • • • • • • •  6 7 
" hu f f  and p u f f "  • • • • • • • • • • • • • •  9 7  
hyd roc arbon conv e r s ion 

proces ses 
comb i n i ng • • • • • • • •  2 2 6 ,  2 2 9 - 2 3 0  
c r a c k i ng • • • • • • • • • • • • • •  2 2 4 - 2 2 6  
rearrang i ng • • • • • • • • • • •  2 3 0 -2 3 2  

hyd rocarbon emi s s ions 
a sphal t • • • • • • • • • • • • • • • • • • •  4 7 4  
a utomo t ive f ue l  • • • • • • • • • • •  4 6 5  
con trol • • . •  l 6 9 , 2 6 8 -2 7 1 ,  3 7 5 , 

3 7 7 -3 7 8 ,  3 8 1- 3 9 5 ,  3 9 8 -4 0 1 ,  
4 6 4 , 4 6 8 ,  4 7 4  

d r il l i ng operat ion s • • • • . . •  l 6 8  
e f f e c t s  • • • • • • • • • • • • • •  3 6 7 , 3 6 8  
h a zardous . • • • • • • • • • • • •  3 6 7 - 3 6 8  
marke t ing • • • • • • • •  3 6 3 , 3 6 5 - 3 6 8  
of f s hore oper a t ion s • •  l 6 7 ,  1 6 8  
prod uc t ion ope r a t ions • • • •  l 7 0 , 

1 7 1 
r e f i n i ng ope r a t ions • • .  2 6 8 -2 7 1  
reg u l a t ion s  • • • • • •  2 7 ,  2 8 ,  3 6 4 ,  

3 7 8 , 3 8 7 , 3 9 4 -3 9 6 , 3 9 8 , 
4 0 1 , 4 7 4 ,  5 7 6 - 5 7 7  

sou r c e s  • • • • 2 6 8 ,  3 6 5 -3 6 8 ,  3 7 5 , 
3 7 7 -3 8 1 ,  3 9 3 -3 9 4 , 3 9 7 , 
3 9 8 -3 9 9 ,  4 4 5 , 4 6 4 , 4 6 5 ,  
4 7 0 ,  4 7 4  

s to rage tanks • • •  3 6 3 , 3 6 5 -3 6 8 ,  
3 7 4 -3 7 5 ,  3 7 7 - 3 7 8  

t ransportat ion • •  3 6 3 ,  3 6 5 -3 6 8 ,  
3 7 8 -3 9 3 

h yd roc arbons 
mar ine s e d ime n t  

concentrations  • • • • • •  5 0 3 - 5 0 4  
source s • • • • • • • • • •  4 9 3 ,  4 9 5 - 5 0 0  
wa ter concen tra t ions • •  5 0 0 - 5 0 3  

hyd rode s u l f ur i za t ion • . •  2 3 3 - 2 3 4 , 
28 4 '  4 5 3  

hyd rodyn am ic i n c l i ned plane 
sk imme r s  • • • • • • • • • • • • • • • •  4 8 7  

G- 1 1  

hyd ro f l uo r ic a c i d  a l kyl a t ion 
un i t s  . . . . . . . . . . . . . . . . . . .  2 2 9  

hyd rog e n  prod u c t ion 
un i t s  • • • • • • • • • • • • • • •  2 3 5 - 2 3 6 

hyd ros t a t i c  te s t i ng • • • • •  4 2 4 -4 2 5  

I 

IBLA . See I n te r ior Board o f  
Land Appe a l s  

id en t i f i e d  s ub-e conom i c  
r e sources  • • • • • • • • • • • • • • •  1 0 7  

IMCO . S e e  I n tergov er nmen t a l  
Mar i t ime Cons u l t a t ive 
Org a n i z a t io n  

impoundme n t  • • • • • • • • • • • •  1 8 1 ,  1 8 2 
impres sed c u r r e n t  system s  • • •  4 2 9  
i n c inerat ion 

em i ss ions  • • • • • • • • • • • • • • • • •  4 5 4 
g a seous wa s te • • •  9 2 ,  1 6 9 , 2 8 8 ,  

4 0 1  
h a z a rd o u s  wa s te • • • • •  3 0 2 ,  3 0 3 ,  

3 0 5 ' 3 0 8  
l ub r i c a t i ng o i l  

recyc l i ng • • • • • • • • • • • • • • •  4 3 1  
odorous mater i al s  • • • • • • • • •  2 71 
o i l  s l icks • • • • • • • • • • • • • • • •  4 9 1  
s pe n t  c a u s t ic s  • • • • • • • • • • • •  2 8 9  
s to r ag e  tank v apo r • • • • • • • •  3 7 7  
v a po r  proce s s i ng 

u n i ts • • • • • • • • • • • • • • •  3 8 8 - 3 8 9  
Ind i a n  l a n d s  • •  l 2 6 -1 2 7 ,  1 3 3 ,  1 3 6  
I nd i a n  M i ne r a l  Le a s i ng Law • •  l 2 7 
I nd i an Reorgan i za t ion 

Ac t • • • • • • • • • • • • • • • •  1 2  7 , 1 3  3 
i nd i c a ted re s e rv e s  • • • • • • • • • •  l 0 5  
indoor a i r  po l l u t ion • • • •  5 9 3 - 5 9 4  
i n d u c ed v o r t ex s k immer s  • • • • •  4 8 7  
i nd u s tr i a l  p l a n t  em i s s i o n s . 

See s t a t iona ry source 
em i s s ions  

i n ferred r e s e rv e s  • • • • • • • • • • • l 0 5  
i n j e c t io n  

second ary r e c overy • • • •  9 0 , 9 1 , 
9 6 -9 8 , 1 7 0 , 1 7 7 , 1 8 0  

wa s te d i sposal • • • • •  3 5 -3 6 ,  9 0 , 
1 7 4 , 1 7 7 , 1 8 0 , 1 8 2  

i n land waterways • • •  3 5 0 ,  4 0 7 -4 0 9  
i n  s i t u  comb u s t ion • • • • • • • • • • •  9 7  
i n s pe c t ions 

d r i l l i ng p e rm i t  
r eq u i r emen t s  • • • • • • • • • • • •  l 4 0  



mo tor v e h i c l e  po l l u t ion 
con trol equ i pmen t  • • • . . • •  4 7 0 

p ipe l in e s  • • • • • • • • • • • •  3 4 1 , 4 2 3  
re f i n e ry ope r a t ions . •  2 6 9 ,  2 7 1  
v e s s e l s  • • • • • • • • • . • • • • • • • • •  4 1 2  

i n t egra ted t ug b a rg e s  • • • • • • •  3 5 0  
i n te rag ency ag reeme n t s . See  

j o in t  agency agre emen� 
I n tergov e r nme n t a l  Mar i t ime 

Con s u l ta t ive Organ i za t ion 
( IM C0 ) • • • • • • • •  3 8 ,  4 0 9 , 4 1 0 , 
4 1 7 -4 1 8  

I n te r ior Board of Land 
Appe a l s  ( I BLA ) • • • • • • • • • •  l 3 5  

i ntermed i a te c a s i ng s  • • . • • • • • •  7 4  
I n ternat ional Con f e r e n c e  on 

Tank e r  S a f e ty and 
Pol l u t io n  Pr ev en t ion • • . •  4 1 0  

I n te r na t ional Fund 
Conv e n t ion • • • • •  4 0 9 ,  4 1 6 -4 1 8  

i n ternational  mar i n e  
c o nv e n t ions 

d e s c r ipt ion • • • • • • • • • • • • •  3 8 - 4 3  
per sonne l  requ i r emen t s  • • • •  4 0 7  
s p i l l  compe n sa t io n  • • • • • • •  4 0 9 , 

4 1 6 -4 1 8 
s pi l l  cont i ng ency p l an s  • • •  4 9 2  
v e s s e l  r eq u i r emen t s  • •  3 9 5 - 3 9 6 , 

4 0 6 ,  4 0 8 , 4 1 2  
i some r i za t ion • • • • • • • • • • • • • • •  2 3 2  
I x toc-I  b lowo u t  • . • • • • • •  4 9 9 , 5 1 9  

J 

j ac ke t  wa ter • • • • • • • • • • • • • • . •  l 8 1  
j ack-up r ig s  • • • . • • . • • • • • • • • • •  7 6  
j o i n t  age ncy 

ag reeme n t s  • • • • • • • • • •  1 1 9 -1 2 0  
Jo i n t  Rev i ew P roce s s  for 

Maj o r  Energy a nd M i neral 
Re sourc e Dev e l opment 
Proj e c t s  ( JRP )  • • • • • • • • • .  5 5 6  

JRP . S e e  Jo i n t  Rev i ew Proc e s s  
fo r Ma j or Energy and 
M in e r al Re source Dev e lop­
me n t  P ro j e c t s  

K 

Key Largo Cor al Ree f  Na t ional 
Mar i ne Sanc t uary • • • • • • . •  l 6 2 

G - 1 2  

KGS . S e e  known g e o l og i c  
s tr u c t u r e s  

11Kh a z z a n  Dub a i  I 11 • • • • • • • • • • •  3 2 4  
knock s en so r s  • • • • • • • • • • • • • • •  4 6 8  
known g eo log i c  s t r u c t u r e s  

( K G S  ) • • • • • • • • • • • • • • • • • • •  1 2  9 

L 

LAER . S e e  Lowe s t  Ac h ievab l e  
Emi s s io n  Ra te 

lagoon i ng • • • • • • • • • • • • • • • • • • • 3 0 3  
l ake areas . . . . . • . . . . . . . . . . . .  l 8 4 
land f i l l ing • • • • • • •  3 0 2 , 3 0 3 , 3 0 8  
l a nd r e c l am a t ion • • • • • • • • • • • • • 1 1  
land trea tme n t  • • • • • • • • •  3 0 3 , 3 0 8  
land u s e  

d r i l l i ng ope r a t io n s  . •  7 5 , 1 4 1 -
1 4 2  

fac i l i ty s i t i ng • • • • •  5 5 1 , 5 5 2 , 
5 5 5  

n a t u r a l  g as p l a n t s  • • • • • • • •  l 0 3  
p i pe l i n e s  • • • • • • • • • • • • • • • • .  3 3 5  
prod uc t ion ope r a t ions • • • • •  l 0 3  
r ig h t-o f -way • • • • •  7 5 ,  1 4 1 - 1 4 2 ,  

3 3 5  
s pac e r eq u i r emen t s  • • • •  7 5 ,  1 0 3  
synthe t i c  f u e l  ope r a t ions . • •  ? 
zon i ng • • • • •  3 0 5 ,  5 5 1 ,  5 5 2 ,  5 5 5  
S e e  a l so f e d e r a l  l and s ; 

l e a s i ng 
l ay barg e s  • • . • • • • • • • • • • •  3 4 2 - 3 4 5  
l e ad emi s s ions • • • • •  2 7 ,  3 0 , 1 9 1 ,  

4 6 5 , 4 7 0 - 4 7 1  
l e akage 

d i s tr ib u t ion ope r a t ions  • •  3 6 5 , 
4 0 3 ,  4 0 4  

p i pe l i n e s  • • • • • • • .  3 4 1 , 4 2 5-4 2 6  
prod u c t ion e q u i pmen t  • • • • • •  l 7 3 
r e f i n i ng equ i pme n t  • •  2 6 9 , 2 7 1 , 

2 8 2 ,  2 8 3  
s e rv i c e  s ta t ion • • . • • • •  4 2 7 -4 3 0  

l e an o i l  absorpt ion • • • • •  3 9 2 - 3 9 3  
l e a s i ng 

age n cy r e s pon s i b i l i t i e s  . •  l l 6 -
1 1 9  

appe a l s  . . . . . . . . . . . . . . . . . . .  1 3 5  
coa s t a l  zone • • • • • • • • • •  l 5 8 - 1 6 0  
d e l ays • • • • • •  l 2 2 , 1 3 0 , 1 3 7 - 1 3 8  
f ed e r a l  l an d s  • • • • • • •  l 2 6 , 1 2 7 ,  

1 2 9 - 1 3 0 ,  1 3 3 - 1 3 8 ,  1 4 3 -1 6 4 
f iv e-ye ar OCS 

s ched u l e  • • • • • • • • • • • •  l 4 5 -1 5 7  



e nv i ronme n ta l  rev i ews • • . •  l l 9 , 
1 2 2 , 1 3 4 - 1 3 5 ,  1 4 6 ,  1 5 1  

I nd i an l a n d s  • • • •  l 2 6 -1 2 7 ,  1 3 3 , 
1 3 6  

i nd iv i d u a l  s a l e s  • • • . • •  l 5 1-1 5 3  
l and w i t hd r awa l s  . • • •  l l 3 ,  11 5 ,  

1 1 7 , 1 1 8 , 1 2 1-1 2 6 , 1 5 7 , 
5 5 7 - 5 5 9  

l i t iga t ion • • • • • • • • • • • • • • • •  l 5 7  
no s ur f ace occupancy 

s t ip u l a t ions • • . • • • • • . . • •  1 2 2  
o ns ho re • . • • • • . • • • • • • • •  l 2 6 -1 3 8  
o f f s hore • • • . • • • • •  l 4 3 -1 5 3 , 1 5 7  
pr e- l ease  ac t iv i t ie s  • • • . • •  l 5 9 
s ta t e  lands  • • • •  l 2 6 , 1 3 0 ,  1 3 6 ,  

1 4 3  
s t ip u l a t ions • • • •  l 3 3 -1 3 5 ,  1 5 0 , 

1 5 9  
sys t ems • • • • • • • • • •  1 2 7 -1 3 3 ,  1 5 2  
t e rms • • . • • . • • • . • • . • . • •  1 5 2- 1 5 3  
w i l d erne s s  areas • • • • •  l l 7 ,  1 3 0  

l ic e n s i ng • • • • • • • . • • • • . .  l 4 5 , 4 0 7  
l ight  ends recov e ry un i t s  • • •  2 3 8  
l ig h te r ing • • • • • • • • • . • • • • • • • •  3 4 8  
l iq ue f i e d  pe t rol e um g a s  

( L PG ) • • •  l O O , 1 0 2 , 3 1 9 , 3 2 0 , 
3 2 2  

l iq u id knocko u t  tanks • • • • • • .  3 8 7  
load-on- top ( LOT ) 

proce d u r e s  • • • • . • • • •  4 1 0 , 4 9 7 
local r e g u l a t ions 

a ir po l lu t ion • . • • • • • 3 6 3 , 3 6 4 , 
3 9 5 - 3 9 6 ,  4 0 1 ,  4 5 2 ,  4 7 3  

coastal zone manag eme n t  • • •  l 5 8  
fac i l i ty s i t i ng • • • • • . • . • •  5 4 3 ,  

5 5 1 - 5 5 3 , 5 5 5 , 5 6 8  
h a zardous wa ste • . • • • •  3 0 5 ,  3 0 7  
l a nd u s e  • • • 3 0 5 , 5 5 1 , 5 5 2 , 5 5 5  
sp i l l s  • • • • • • • • • • • • • • •  4 0 3 ,  4 9 2 

l og g i ng • • • • • • . • • • • • • . • • • •  6 6 ,  8 5  
Looe K ey Na t ional Mar ine 

S anc tuary • • • • • • • • • • • • • • • •  l 6 2  
LOOP . S ee Lou i s i ana O f f s hore 

Oi l Por t  
LOT . S e e  l o ad-on- top 

proced u r e s  
Lou i s iana O f f s hore O i l  Por t  

( LOOP ) • • • • • • • • . • • • • •  3 4 8 - 3 4 9  
Lowe r Cook I n l e t  s t udy • • • • • •  l 9 1 
Lowe s t  Ach i ev a b l e  Em i s s ion 

Rat e  ( LAER ) • •  2 5 1 , 3 6 4 ,  3 8 7 , 
5 5 0 , 5 7 9  

l ow-mo l e c ul a r-we ight 
hyd roc arbons • • • 5 0 0 - 5 0 1 , 5 0 4  

G- 1 3  

LPG . S e e  l i que f ied pe tro l e um 
g a s  

l ub r ic a t ing o i l s  • •  2 8 4 , 4 3 1 , 4 3 2 

M 

mag n e t i c  maps • • • • • • • • • • • • • • • •  6 4  
ma in tenance 

combus t io n  equ i pmen t  • •  4 6 3 - 4 6 4  
mo tor v e h i c l e  pol l u t ion 

con t ro l  equ ipme n t  • • • • • • •  4 7 0  
p i pe l ine s • • • • • • •  3 4 0 - 3 4 2 ,  4 2 3 ,  

4 2 4 , 4 2 6  
s torage tanks • • • • • • • • • • • • •  4 2 8  
v e s se l s  • • . • • • • . .  3 5 5 , 4 1 2 , 4 3 0  

mal f un c t ion s e n so r s  • • • • • • • • • •  9 1  
Manag em e n t  F r amework P l an s  

( MF P ) . • • •  l l 9 , 1 2 4 , 1 3 5 ,  1 3 6  
mang rov e s  • • . • • • • • • • • . • • • • • • •  5 1 5  
MARAD . S e e  Mar i t ime 

Adm i n i s t r a t ion 
mar in e  e c o l ogy h a za rd s  

asse s smen t  prob l em s  • • • 5 1 9 - 5 2 4  
b i rd s  • • • • • •  5 0 5 ,  5 0 7 ,  5 0 9 - 5 1 0 ,  

5 1 4 - 5 1 5 , 5 5 8  
c hron i c  e xposure • • . •  5 1 4 , 5 1 6 -

5 1 9 , 5 2 3  
c omme r c i a l  s pe c i e s  . •  l 6 4 , 5 0 9 ,  

5 1 2 - 5 1 4  
coral c ommun i t ie s  • • • . • • • . •  5 1 6  
g e ne t i c  v a r i ab i l i ty and • • •  5 2 2  
hyd roc arbon uptake • • • • • • • •  5 0 6  
key s pe c i e s  a nd • • • • • • • • • • •  5 2 3  
1 o n  g - t e rm • • • • • • • 5 1  0 - 5 1  2 , 5 1  5 , 

5 1 6 , 5 1 8 -5 1 9 , 5 2 4  
mang rov e  c ommun i t ie s  • •  5 1 5 - 5 1 6  
n a t u r a l  f l uc tua t io n s  

and . . . . . . . . . . . . . . . . .  5 2 0 - 5 2 2 
rare spe c ie s  and . • • • • • • • • •  5 2 3  
recov ery r e s ponse • • • • •  5 2 3 - 5 2 4  
short- t e rm • • • • • • • • • • • •  5 0 9 - 5 1 0  
sp i l l s  • • • • • • • • • • • • . • • .  5 0 7 - 5 0 9  

Mar in e  Mammal Prot e c t io n  
Act . . . . . . . . . . . . . . . . .  3 4 ,  1 6 0  

Mar i ne Protec t ion , Re s e ar c h  
and S an c t uar i e s  A c t  o f  
1 9 7 2  • • • • • • • • • • • • • • . •  3 4 ' 1 6 0  

mar ine r i se r s  • • • • • • • • • • • • •  8 0- 8 1 
Mar i ne S a f e ty I n te rn a t ional , 

Inc  . . . . . . . . . . . . . . . . . . . . .  4 1 4  
mar in e  sanc tuar i e s  • • •  8 ,  3 4 , 5 5 7  
Mar i n e  S an c t uar i e s  

Prog r am • • • • • • • • • • • • •  l 6 0 - 1 6 4  



mar in e  term in a l s  • • • • • • • • • • •  3 9 3 , 
4 1 8 , 5 5 7 , 5 6 8  

mar ine transporta t i o n . S e e  
v e s s e ls 

Ma r i t ime Adm i n i s t r a t io n  
( MARAD ) • • • • • • • • • • • •  4 1  3 , 4 1 4  

mar i t ime c ar r ie r s  • • • • • •  3 5 0 , 3 5 5  
Mar i t ime I n s t i tu t e  of 

Gr ad uate S t ud i e s  • • • • • • • •  4 1 4  
marke t i ng 

a ir po l l u t ion • • •  3 6 3 - 3 6 8 ,  3 9 7 , 
3 9 8 -4 0 2 ,  4 3 5  

character i s t i c s  • • • • • •  3 5 8 ,  3 6 0 
d i s tr ibut ion 

channel s  • • • • • • • • • • • •  3 6 0 - 3 61 
e nv iro nmental c o s t s  • • • • • • •  4 3 5  
e nv i ronmen tal e f fe c t s  • • • •  4 0 4 , 

4 2 7  
overv i ew • • • • • • • • • • • • • • • • • •  3 1 7  
pe tro l e um prod u c t s  • • • •  3 6 1- 3 6 2  
s e rv i c e  s ta t i on s  • • • • • •  4 2 7 -4 3 0  
sp il l s  • • • • • • •  4 0 3 -4 0 6 ,  4 2 1 - 4 2 3  
term i na l  system • • • • • • • • • • •  4 1 8  
was t e  man ag emen t • • • • • •  4 3 1 -4 3 3  
wa ter pol lu t ion • • • • •  4 0 2 , 4 0 4 , 

4 1 8 ,  4 2 0 -4 2 3 ,  4 2 7 
MARPOL 1 9 7 3  Conv en t i o n  • •  3 9 ,  4 1 ,  

4 3  
MARPOL Protocol 1 9 7 8  • • • • • • • • •  4 3  
Maryland Power P l ant S i t i ng 

Ac t o f  1 9  7 1  • • • • • • • • • • • • •  5 5  4 
Maryl and S tate Power 

Comm i s s ion • • • • • • • • • • • • • •  5 5 4  
Mater i a ls Transportat ion 

Bureau . . . . . . . . . . . . . . . . . . 1 5 0  
mea s ur ed re s e rv e s  • • • • • • • • • • •  l 0 5  
me thane • • • • • • • • • • • • • • • •  l O O , 1 0 2  
M F P . S e e  Man ag emen t F r amewo rk 

Pl a n s  
M id -A tl a n t ic B ig h t  s t ud y  • • • •  l 9 3  
M i neral Le a s ing Ac t o f  

1 9 2 0 • • • • • •  1 2 7 , 1 2 9 -1 3 0 ,  1 3 4  
mob i l e  d r i l l i ng r ig s  • • • • •  7 5 -7 6 ,  

8 0 ,  1 5 5  
mob i l e  sou r c e  emi s s ions 

a u tomo t ive • • • • • • • • • • • •  4 6 5 - 4 7 2  
c on trol • • • • •  4 6 6 -4 6 8 , 4 7 0 , 4 7 1  
mar in e  • • • • • • •  3 9 3 - 3 9 6 ,  4 7 2- 4 7 3  
n i trog e n  ox i d e s  • • • • • • • • • • •  4 5 8  
par t i c ul ate • • • • • • • • • • • • • • •  4 5 4  
r eg u l a t ions • • • • •  4 6 5 -4 6 8 , 4 7 0 -

4 7 3 ,  5 8 9  
s ou r c e s  • • • . • • • • • • • • • •  4 6 5 , 4 7 1  

mon i to r i ng 

G - 1 4  

c ombu s t ion e q u i pment • • • • • •  4 6 4  
p i pe l i n e s  • • • • • • •  3 3 6 , 3 3 8 - 3 3 9 , 

4 2 5 -4 2 6  
s to rag e f ac i l i t i e s  • • •  3 2 6 - 3 2 7 , 

4 29 -4 3 0  
v e s s e l  system s  • • • • • • • •  4 1 0 - 4 1 2  
was te wa te r  tre a tment 

e f f l ue n t  • • • • • • • • • • • •  2 9 7 -2 9 8  
Mon i tor Nat ion al Mar i ne 

S a n c t uary • • • • • • • • • • • • • • •  l 6 2  
mo tor v e h i c l e  

em i s s ions • • • • • • • • • • •  4 6 5 - 4 7 2  
Motor Veh i c l e s M a n u f a c t u r e r s  

As so c i a t i o n  • • • • • • • • • • • • •  4 7 1  
m ud l og g i ng • • • • • • • • • • • • • • • • • •  8 5  
mud sys tems • • • • • • • • • • • • • • • • •  l 6 9  
M ul t i pl e-Use Act o f  

1 9 6 4  o o o o o o o o o o o o o o o 1 1 5 1 1 2 0  
M u l t i pl e-Use a nd S usta in e d  

Y i e ld Ac t o f  1 9 6 0  • • • • • •  1 1 5 , 
1 1 6 ,  1 2 0  

N 

NAAQS . S e e  N a t ional Amb i e n t  
A i r  Qual i ty S ta nd a r d s  

Nat ional Amb i e n t  A i r  Qua l i ty 
S ta nd a r d s  ( NAAQS ) • •  2 7 ,  1 6 4 , 
1 6 6 , 4 0 2 , 5 9 4 - 5 9 5  

Nat ional Con t i ng en cy 
P l a n s  • • • • • • • • • • • • • • •  3 5 , 4 9 2  

Nat ion al Emi s s ion S tandards  
for H a z a rd o u s  A i r  
Pol l utants  ( NE S HAPS ) • • •  3 6 5 , 
3 6 8  

Nat ional E nv i ronme n t a l  Pol i cy 
Ac t ( NE PA )  • • • • • • •  2 5 -2 6 ,  3 4 , 
1 3 4 ,  1 3 8 ,  1 5 7 , 1 6 0 ,  5 4 8 - 5 4 9  

Na tional For e s t  Manag emen t  
Ac t • • • • • • • • • • • • • • • •  l l 6 ,  1 2 0  

Na tional For e s t  Sys tem • • • • • •  l l 6  
Na t ional Gro u nd wa t e r  S tr a tegy 

Prog r am • • • • • • • • • • • • • • • • •  2 9 8  
Na t ional H i s to r i c al 

Pr e s e rv a t io n  Ac t • • • • • • • • •  3 4  
Nat io n al Mar in e  F i s he r i e s  

S e rv i c e  • • • • • • • • • • • • • • • • •  l 8 3  
Nat ional Mar i t ime Re s e a r ch 

Center  • • • • • • • • • • • • • • • • • •  4 1 4  
Na t ional Oce an i c  a nd 

Atmosph e r i c  Adm i n i s t r a t ion 
( NOAA ) • • • •  l 5 8 - 1 5 9 ,  1 6 1 , 1 6 3  



Nat ional Park S e rv i c e  • • . • • • •  l l 5  
Na t io n a l  Pe trol e um Co unc i l  

( N PC ) 
Arc t i c re source s t ud y  • •  l ,  1 0 8  
e nv i ronmen ta l  conserv a t ion 

s t udy . . . . . . . . . . . . . . . . . . .  1-2  
l eas i ng conc e r n s  • • • • • • • • • •  l 3 8  
t ig h t  g a s  r e source s t udy • •  l 0 8  

Na t ional Po l lu t a n t  D i scharge 
E l iminat ion Sys t em ( NP DE S ) 
pe rm i t s  

adve r s e  e f fe c t s  • • • • • • • • • • • • •  9 
d e sc r ipt ion • • • • • • • • • • • • •  5 ,  3 3  
d i s tr i bu t ion ope r a t ions • •  4 1 8 ,  

4 2 0 
dr i l l i ng ope r a t ion s • • •  9 ,  1 5 4-

1 5 5 ,  1 8 3 - 1 8 6  
e f fe c t iv e ne s s  • • • • • • • • • • • . •  5 7 7  
e f f l ue n t  mon i to r ing 

r equ i r emen t s  • • • • • • • •  2 9 7 - 2 9 8  
manag emen t  prac t ic e  

r eq u i r emen t s  • • • • • • • • • • • •  2 7 9  
natural g a s  p l a n t s  • • • • • • • •  l 8 2  
o f f s hore ope r a t ions • •  l 5 4 -l 5 5 ,  

1 8 4 -1 8 6 , 5 7 0  
prod uc t io n  ope r a t ion s • . • •  l 8 0 , 

1 8 3  
re f i n i ng ope r a t ion s • • • . • •  2 7 3 ,  

2 7 9 '  2 9 7 - 2 9 8  
s ta te c er t i f ic a t ion • • • • • • • •  3 5  
syn the t ic f u e l  p l an t s  • . • •  5 7 8 ,  

5 7 9 
N a t ional Re sponse Cen te r  • • • •  3 5 ,  

1 8 8 ,  4 0 4 ,  4 8 0 ,  4 8 4 
N a t ional Re spo n s e  

Mec han i sm • • • • • • • • • • • • • • •  4 9 2 
Na t ional Re sponse T e am 

( NRT ) • • • • • • • • • • • • • • • • • • •  4 9 2 
N a t ional W i l d e rne s s  

Pre s e rv a t ion Sys t em 
( NW PS ) • • • • • • • • • • • • •  1 1 7  , 1 1 8  

nat ur a l  g a s  
combu s t ion emi s s ions • • • • •  4 5 4 ,  

4 5 8  
d is tr ib ut io n  sys t ems • •  3 5 5 -3 5 8  
proc e s s i ng pl a n t s  • • • • •  9 9 -1 0 4 ,  

1 8 1- 1 8 2 , 2 0 3  
s tor age • • • • • • • • • • • • • •  3 1 9 , 3 2 2  

natur al g a so l i ne • • • • • • •  l 0 2 , 1 0 3  
Nat ur a l  Gas P i pe l ine S a f e ty 

Ac t of 1 9 6 8  • • • • • • • •  1 5 0 , 3 5 8  
Nat ural  Re source s De f e n se 

Coun c i l  . • • • • • • • • • • • • • • • .  4 0 2 

G- 1 5  

N E PA . See  N a t i o n a l  
E nv i ronme n t a l  Po l i cy Ac t 

NESHAPS . S e e  N a t io n a l  Em i s s ion 
S tand ard s for H a zardous 
Air Po l l u ta n t s  

n e u t r a l i za t ion • • • • • • • • •  2 7 1 ,  28 9 
New Source P e r forma n c e  

S tandards ( NS PS ) • • • •  3 0 ,  3 3 , 
2 4 6 ,  2 7 8 , 3 6 4 , 3 8 7 , 4 4 5 , 
4 5 3 ,  5 5 1  

n i t ro g e n  o x i d e s  ( NOx ) em i s s ions 
ac id r a i n  and • • • •  5 8 6 ,  5 8 8 - 5 8 9  
au tomo t iv e  f ue l  • • . • • •  4 6 5 , 4 7 1  
con t ro l  • • • • • • • • •  l 6 8 -1 6 9 ,  1 7 3 ,  

2 6 6 - 2 6 8 , 4 5 8 , 4 6 1 - 4 6 2 , 
4 6 8 ,  4 7 1  

d i s tr i b u t i o n  sys tem • • • • • •  3 6 3 , 
3 6 5 ,  3 6 6 ,  3 7 9  

d r i l l i ng • • • • • • • • •  l 6 6 -1 6 8 , 1 7 3  
o f f s ho r e  ope r a t ions • •  l 6 6 - 1 6 8 ,  

1 7 3  
prod u c t ion opera t ions • • . •  l 7 0 , 

1 7 1 , 1 7 3  
r e f in i ng • • • • •  2 4 7 -2 4 9 ,  2 6 5 - 2 6 8 
reg u l a t ions • • • • • •  2 5 1 , 5 8 8 - 5 8 9  
sourc e s  • • • • • •  4 ,  2 6 5 - 2 6 6 ,  3 6 5 ,  

3 6 6 , 3 7 9 , 4 4 3 , 4 4 5 , 4 5 8 , 
4 6 5 ,  4 7 0 , 5 8 9  

NOx . S e e  n i trog e n  o x i d e s  
emi s s ion s 

NOAA . S e e  N a t io n a l  Oce a n ic and 
A tmosph e r i c  Adm in i s tr a t ion 

no i s e  . . . . . . . . . . . . . . . . . . .  1 1 ,  4 7 1  
non a t ta i nmen t  a r e a s  r e g u l a t ions 

ac id r a i n  • • • • • • • • • • • • • • • • •  5 8 9  
adve r s e  e f f e c t s  • • • • • • • •  8 ,  2 5 3  
d e s c r ipt ion • • • • • • • • • • • • •  3 1 - 3 2 
d i s tr ibut ion sys t ems • • •  8 ,  3 6 4  
explorat ion and 

prod u c t ion • • • • • • • • • •  l 6 4 - 1 6 7 
f ac i l i ty s i t i ng • • • •  8 ,  5 5 0 - 5 5 1  
o rgan i c  solv e n t  

em i s s i ons • • • • • • • • • • • • • • •  4 6 5  
pr e-cons tr u c t ion r ev i ew • • . •  2 8  
r e f i n i ng ope r a t io n s  • • •  8 ,  2 5 1 -

2 5 3 ,  5 7 6 - 5 7 7  
s t a t ionary p l an t s  • • • • • • • • •  4 5 2 
s yn the t i c f ue l  p l a n t s  • • • • •  5 7 9  

noncompe t i t iv e  
b id d i ng • • • • • • • •  1 2 9 - 1 3 0 , 1 3 7 

nonconv e n t io n a l  
pol l utants  • . • • • • • • • • • •  3 2 - 3 3  

nonv o l a t i l e  
hydrocarbons • • • • • • • •  5 0 2 - 5 0 4  



" no- s ur f ace occupancy " 
s t ip ul a t ion s • •  l 2 2 ,  1 3 4 ,  1 3 7  

Not i c e  o f  S a l e  • • • • • • • • • • • • • •  1 5 2  
No t ice to Le s sees and 

Ope r ator No . 6 Approv a l  
of Ope r a t ions 
( NT L- 6 ) . • . • • • • • • • • • •  1 3 8 - 1 4 1  

NPC . See Nat io n a l  Pe t ro l e um 
Cou n c i l  

NRT . S ee Na t ional Re s ponse 
Team 

NTL- 6 . See Not ice to Le s sees 
and Ope r a to r  No . 6 
Approv al o f  Ope r a t ions 

n uc lear powe r • • • • • • • • •  4 4 5 , 4 5 2 , 
4 5 7 - 4 5 8  

NWPS . See N a t ional W i l derness  
Pre servat ion System 

0 

O&G . See o i l and g re a se 
OCS .  See Ou te r Cont inental  

She l f  
OCSLA . See Ou ter Con t inental 

S h e lfLan d s  Act 
OCS Le ase S a l e s  

No . 4 2 • • • • • • • • • • • • • • • • • • • •  5 5  7 
No • 4 8 • • • • • • • • • • • • • • • • • • • •  1 5  9 
No . 5 3  • • • • • • • • • • • • • • • • • • • •  1 6  7 
No . 6 8  • • • • • • • • • • • • • • • •  1 6 6 -1 6 7  

odo r  emi s s ions • • • •  l 6 7 ,  2 7 1 , 2 8 6  
O f f ice of Manag emen t  and 

Budge t • • • • • • • • • • • • • • • • • •  5 5 6  
Of f ice o f  Ope r a t ions and 

En forc emen t  • • • • • • • • • • • • •  4 2 7 
Of f ice o f  P i pe l ine S a f e ty • • •  l 5 0  

See a l so O f f ice o f  P i pe l ine 
S a f e ty Reg u l a t io n  

Of f ice o f  P i pe l ine S a fe ty 
Reg u l a t ion • • • • • • • • • • • • . •  l 5 0  

Of f ice o f  Technolog y  As ses s­
me n t  ( OTA ) • • • • •  l l l , 1 2 2- 1 2 3 

of f - l e a se a c t iv i t ie s  • • • • • • • •  l 3 6  
o f f shore ope r a t ions 

a ir pol l u t ion • •  l 5 0 , 1 6 5 ,  1 6 8 ,  
1 7 3 , 5 7 0 - 5 7 1  

d r i l l i ng • • •  6 3 ,  6 6 ,  7 5 - 7 6 ,  
8 0 -8 5 ,  1 4 4 - 1 4 5 ,  1 5 3 -1 5 7 ,  
16 8 ,  1 8 4 - 2 0 1 , 4 9 8 -4 9 9 , 5 5 8  

e nv ironmen ta l  e f fe c t s  • • • •  l 5 6-
l 5 7 ,  1 9 3 - 2 0 1 , 5 18 - 5 1 9  

G - 1 6  

explor a t io n  . • •  6 3 ,  6 4 , 6 6 , 7 5 -
7 6 , 8 0 - 8 1 , 1 4 4 - 1 4 5 ,  1 5 3 -
1 5 7 , 1 6 5 - 1 6 6 ,  1 6 8 ,  5 5 9  

f ac i l i ty s i t i ng • • • • • •  5 5 6- 5 5 9 , 
5 6 7 -5 7 1  

leas ing . • • • • • • • • • • • • • •  l 4 3 - l 5 7  
p i pe l i n e s  • • • • • • •  3 4 2 - 3 4 5 , 3 5 7 -

3 5 8 , 4 0 4 -4 0 6  
prod u c t ion f ac i l i t ie s  • • • • •  8 7 ,  

9 0 - 9 3 , 9 5 , 9 9 , 1 2 7 ,  1 7 3 , 
4 9 8 -4 9 9  

ref i n i ng . . . . . . . . . . . . . . . . . . 2 7 8  
re source base • • • • • • • • • • • . •  1 0 8  
sp i l l s  • • . • • • • • • • • • • • •  l 8 4 , 2 7 8  
s to r ag e  • • • •  3 2 3 - 3 2 4 ,  3 2 6 ,  4 0 4-

4 0 6 , 5 6 8 , 5 7 0 - 5 7 1  
wa ter po l l u t ion • • •  7 4- 7 5 ,  1 5 1 , 

1 8 4 , 4 0 4 -4 0 6 ,  4 9 8 -4 9 9 , 5 7 0  
o f f s hore s to r ag e  a nd t re a tmen t  

( OS & T )  f ac i l i ty • • •  5 6 8 ,  5 7 0 -
5 7 1  

o i l and g a s  
consump t ion • • • • • • • •  l 7 , 2 1 , 2 4  
u . s .  re sources • • • • • • • •  l 0 5 - l l l  

o i l  and g rease ( O& G ) • • • • • • •  l 7 6 , 
1 8 0 - 1 8 2 , 4 2 0  

o i l emu l s ions  • • . • • • • • • • • • • • •  4 8 8  
o il recov e ry 

sp i l l s  • • • • • • • • • • • • • • • •  4 8 6 -4 8 8  
wa s te wa te r  • • • • • • • • • • • • • • • •  2 9 7  

o i l  seeps • . • •  4 8 8 , 4 9 3 -4 9 5 , 4 9 9 -
5 0 1 , 5 1 7  

o i l  s h a l e  • • • • • • • • • • • • • • • • • • •  5 4 3  
O il S p i l l  Con t i ng en cy 

P l ans • • . • • • • • • • • • • •  l 8 8 ,  2 7 8  
o i l sp i l l  coopera t ive s  • • • • .  4 2 3 ,  

4 9 3  
o i l sp i l l s . S ee s p i l l s  
o il y  wa s te s  • •  4 1 8 , 4 2 1 , 4 3 0 , 4 3 2  
o l eoph i l ic s k immer s  • • • • • • • . •  4 8 7  
one c a l l  no t i f i c a t ion 

sys t em • • • • • • • • • • • • • • • • . •  4 2 7  
On- S cene Coord i nators 

( OS C ) • • • • • • • • • • • • • •  4 8 9 ,  4 9 2  
Org a n i c  Ac t o f  1 8 9 7  • • • • • • • • •  1 1 6 
o rg a n i c  solvents  • •  4 6 4 ,  4 6 5 ,  4 9 0  
OS & T . See o f f s hore s to r ag e  and 

trea tme n t  f ac i l i ty 
osc . S e e  On-Scene 

Coord i n a to r s  
OTA . See O f f ic e  o f  Techno l og y  

A s s e s smen t  



Outer Cont i n e n t a l  She l f  ( OCS ) 
a ir pol l ut ion 

reg u l a t ions • • • • .  8 0 , 1 6 5 - 1 6 7  
c oas tal  zone r eg u l a t ions 

and • • • • • • • • • • • • • • • • •  1 5 8 - 1 6 0  
e nv i ronmen ta l  r ev i ew • •  l 5 5- 1 5 7 
e xpl orat ion and 

prod uc t ion • • • • • • • . . • • • • •  6 6 , 
9 0 , 1 5 3 - 1 5 5 ,  1 8 4 ,  4 9 9  

f ac i l i ty s i t ing • • • • •  5 5 6 , 5 5 9 , 
5 6 7 - 5 7 1  

f iv e-ye ar l eas ing sc hed u l e . • .  

1 4 5 - 1 5 7  
l and u s e  r eg u l a t ions • •  l 4 4 - 1 4 5 
l e a s i ng • • • • • • • • • • • • • • •  l 5 1- 1 5 3  
pe rm i t t i ng • • • • • • • • • • • •  l 5 3 -1 5 5  
r eg u l a to ry ag enc ie s • • • • • •  l 8 4 ,  

1 4 9 - 1 5 1  
sp il l s  • • • • • • • • • • • • . • • . • • • •  4 9 9  
wa ter po l lu t ion 

r e g u l a t ions • • • • • • . • •  9 0 , 1 8 4  
Outer Con t inental  She l f  Lan d s  

Ac t ( OC S LA )  o f  1 9 5 3  • • • •  1 4 6 ,  
1 5 0 ,  1 6 0 , 1 6 5 , 1 6 6  

Outer Con t inen tal  S he l f  Lands 
Ac t Amendme n t s  of 
1 9 7 8 • • • • . •  1 4 4 - 14 5 ,  1 5 0 ,  1 5 3  

ove rboard d i sc harg e s  • • •  l 8 5- 1 8 6 , 
1 8 8  

o x id a n t  em i ss ions • • • • • • • •  2 7 , 2 8  
ox ida t ion pon d s  • • • • • • • • • • • • •  2 9 1  
oxyg e n  s e n so r s  • • . • • • • • • •  4 6 9 -4 7 0  
o zone emi s s ions • • . •  2 7 ,  2 8 , 1 6 7 ,  

4 0 2 , 4 7 0  

p 

PAC . S e e  Powd e r ed Act iv a t ed 
Carbon 

packers . • • • • . • • • • . • • • • • • •  8 6 ,  9 4  
PACTEX proj e c t ,  Soh io • • • • . • •  5 5 7  
par a l l e l  p l a te separators • • •  2 9 0  
par t i a l  ox id a t ion proce s s  • •  2 3 6 ,  

2 3 8  
par t i c u l ate em i ss ions 

au tomo t ive f ue l s  • • • • • • • • • •  4 7 1  
c ontrol . . • • •  2 7 2 , 4 5 2 , 4 5 6 -4 5 8  
d i s tr i b u t ion ope r a t ion s • .  3 6 5 ,  

3 6 6  
re f i n i ng • • • • • • • • • • • • • •  2 7 1 - 2 7 2  
r eg u l a t ions • • . • • • • • • • • • • • •  4 5 7  
sour c e s  • . •  2 7 1 , 3 6 5 , 3 6 6 , 4 4 3 , 

44 5 ,  4 5 4 , 4 5 6 , 4 7 1  

G- 1 7  

s t a t i o n a ry source • • •  4 4 3 , 4 4 5 ,  
4 5 4 , 4 5 6 , 4 7 1  

par t ic u l a t e  hyd roc arbons • • •  5 0 2 , 
5 0 3  

PER . S e e  P r e l im i n ary 
E nv i ro nmen ta l  Rev i ew 

per fo r a t ion • • • • • • • • • •  8 6 , 9 4 , 9 9  
per sonne l  

l i c e n s i ng • • • • • • • • • • • • . • • • •  4 0 7  
sp i l l  c l e an up • • •  4 8 4 , 4 9 2 ,  4 9 3 
t r a i n i ng • • •  4 0 9 ,  4 1 3 -4 1 4 , 4 2 6 , 

4 9 2 
v e s s e l  • • • • • •  4 0 7 , 4 0 9 , 4 1 3 - 4 1 4  

pe t ro l e um prod u c t s  
asph a l t s  • • • . • • • • • • • • • • • • • •  4 7 4  
d i s tr ib u t ion sys t em • . • • • •  3 3 3 ,  

3 3 4 ' 3 3 7 ' 3 4 5  
f ue l  emi s s ions  • • • • • • • • • • • •  4 4 3  
l ub r i c a n t s  • • • • • . • • • • • •  4 7 3 - 4 7 4  
marke t i ng d i s tr ib u t ion • • •  3 5 9 -

3 6 2  
mob i l e  source f ue l s  • . •  4 6 5 -4 7 3  
org a n i c  solve n t s  • • • • • • • • • •  4 6 5  
s t a t ionary source f ue l s  • •  4 4 5-

4 6 4  
s torage • • • • • • • • • • • • • • •  3 6 8 -3 6 9  
u s e  o f  • . . • . . . . . . . . . . . • . . • •  4 4 3  

pe tro l e um source s  
a tmosph e r i c  f a l l o u t  • • • • • • •  5 0 0  
coa s t a l  f ac i l i t ie s  • • • • • • • •  4 9 6  
d e s c r i p t ion • • • • • • • • • • • • • • • 4 9 5  
mar i ne s eepage • • • • • • • •  4 9 9 - 5 0 0  
o f f shore ope r a t ions • • •  4 9 8 -4 9 9  
r iv e r  r uno f f  • • . • • • • • • •  4 9 6 - 4 9 7  
tanke r oper a t ions • • • • •  4 9 7 -4 9 8 
te rm i n a l  ope r a t ions • • • • • • •  4 9 7  
urban r u no f f  • • • • • • • • • •  4 9 5 - 4 9 6  

pho toc h em i c a l  o x i d a n t s  • • • • • •  4 7 0  
pho tochem i c a l  o x id a t ion • . • • •  5 0 6  
pho togr a ph i c  s urv eys • • • . . . • • •  6 4  
p i pe l i n e s  

con s tr u c t ion • • • • • • • • •  3 3 5 - 3 3 6 , 
3 4 2 - 3 4 5 , 3 5 7 -3 5 8 ,  4 2 4 - 4 2 5  

d i scha rge s • . • • • •  4 0 3 ,  4 0 4 ,  4 2 5  
em i ss ions  • • • • • • • • • • • • •  3 7 8 - 3 7 9  
f ac i l i ty s i t i ng • • • • •  5 5 7 , 5 6 8 -

5 6 9  
g a s  • • • • • • • • • • • • • • • • • • •  3 5 5 - 3 5 8  
hyd ro s t a t i c  t e s t i ng • • •  4 2 4 - 4 2 5  
i n t eg r i ty a nd 

ma i nt e n a n c e  • • • • • • • • •  3 4 0 -3 4 2  
of f s ho r e  • • • • •  3 4 2 - 3 4 5 ,  3 5 7 - 3 5 8  
ope r a t ions  • • • • • •  3 3 6 - 3 3 8 , 3 4 0 , 

3 5 7 - 3 5 8 ,  4 2 3 - 4 2 4  
ov e rv i e w  . . . . . . . . . . . . . . . . . .  3 3 4  



personnel  tra i n i ng • • • •  4 2 6 -4 2 7  
pe t ro l e um • • • • • • • .  3 3 4 -3 5 5 ,  3 6 0  
produ c t  d i s tr ib u t ion • • • • •  3 3 3 -

3 3 4 ,  3 6 0  
route se l e c t ion • • • • • • •  3 3 4 - 3 3 5  
s p i l l  control  • • • • • • • • •  4 2 3 - 4 2 7  
s p i l l s  • • • • • • • • • • • • • • •  4 8 0 , 4 8 4  
t r un k  . . . . . . . . . . . . . . . . . . . . .  3 3 3  
wa s t e  manag eme n t  • • • • • • • • • •  4 3 0  

P i pe l ine S a fe ty A c t  of 
1 9 7 9  • • • . . . . • . • . • . . . . • • . •  3 58  

P i t t s ton o i l r e f i n e ry • • • • • • •  5 5 7  
p l ank t o n . S e e  mar ine e co logy 

h a zards--

P l a n  o f  Ope r a t i o n s  • • •  � • •  5 6 7 - 5 6 8  
Plans o f  Dev e l opme n t  ( PO D ) . •  l 5 4 
Plans  o f  Explorat ion ( POE ) • •  l 5 4  
Plat form G i n a  and P l a t form 

G i l d a  Proj e c t  • • • • • • • • • • .  5 5 9  
P l a t fo rm H e n ry • • • • • • • • • • • • • •  5 5 8  
p l a s t i c  conso l i d a t ion • • • • • • . •  9 4  
POD .  S e e  P l a n s  of Dev e l opmen t  
POE . S e e  P l ans o f  E xploration  
Po i n t  Reye s -Faral lon I s l ands 

Na t ional Mar i ne 
Sanct ua ry • • • • • . • • • • • • • • •  l 6 2  

po lymer i n j e c t io n  • • • • • • • • • • • •  9 8  
pol yme r i zat ion • • • • • • • • • • • • • •  2 3 0  
Po r t  and Tanke r S a f e ty Ac t o f  

1 9 7 8  • • • • •  4 0 3 ,  4 0 6 ,  4 0 7 ,  4 1 1  
Powde re d  Ac t iv a ted C arbon 

( PAC ) • • • • • • • • • • • • • . •  2 9 4 - 2 9 5  
Powe rpl an t  and I n d u s t r i a l  F u e l  

U s e  A c t  o f  1 9 7 8 • • • • • • • • •  5 4 8  
powe r p l a n t  em i ss i o n s . S e e  

s ta t ionary s o u r c e  emi s s ions 
pre-cons t r uc t ion r ev i ew • •  2 8 - 3 0 , 

1 6 4  
pre-d r i l l i ng ope r a t ions 

pl ans . . . . . . . . . . . . . . . . . . .  1 3 5  
P r e l imi n ary E nv i ronmen ta l  

Rev i ew ( PE R ) • • • • • • • • • • • •  l 3 9  
P r e s e rv a t io n  o f  H i s to r i c a l  

a n d  Archaeolog i c a l  Da ta 
Ac t • • • • • • • • • • • • • • • • • • • • . •  3 4 

pre s s ur e  con trol s y s t ems • • • •  7 1-
7 2 , 8 1 , 9 6 -2 7 0  

pre s s ure tanks . • • • • • • • •  3 7 3 ,  3 7 8  
Pr ev e n t ion o f  S ig n i f i c a n t  

De ter iorat ion ( PS D )  p e rm i t s  
a c id r a i n  a n d  • • • • • • • • . • • • •  5 8 9  
adv e r s e  e f fe c t s  • . • • • • •  8 ,  2 5 3 ,  

2 5 6 -2 5 8  
de s c r i p t ion • . • • •  2 7 ,  2 9 -3 0 ,  3 2  

G - 1 8  

d i s tr i bu t i o n  sys tem • • • • • • •  3 6 4  
E I S  e x empt ion • • • • • • • • • • • • • •  2 5  
explor a t ion and 

prod u c t ion • • • • • • • • . •  l 6 4- l 6 5  
f ac i l i ty s i t i ng • • •  8 ,  5 5 1- 5 5 2 , 

5 7 6  
r e f i n i ng ope ra t i o n s  • • • • • •  2 5 3 , 

2 5 6 -2 5 8 ,  5 7 6  
s ta t ionary p l an t s  • • • • • • • • •  4 5 2 
s yn th e t i c  f u e l  p l a n t s  • • • •  5 7 8 ,  

5 7 9  
pr imary g r av i ty 

separators • • • • •  2 6 9 , 2 8 9- 2 9 0  
pr imary r e c ov e ry • • • • • • • • • •  9 5 - 9 6  
p r ior i ty po l l ut a n t s . S e e  

tox ic pol l u ta n t s  
p r ior i ty po l l ut a n t t e s t ing . •  2 9 8  
proce s s  wa ter • • . • •  l 8 l , 2 8 3 - 2 8 5 ,  

4 0 4  
produced wa t e r  • • . • • •  9 2- 9 3 , 1 7 7 ,  

1 8 0 , 1 8 6 , 2 0 2 , 2 0 3 , 5 1 0 , 
5 1 8 

prod uc t ion c a s i n g s  • . • • • • • • • • •  7 4  
prod u c t ion ope r a t ions 

abandonmen t  proc e d u r e s  • .  9 8 - 9 9  
a ir pol l u t ion . • • • • • • • • • • • •  l 7 l  
ar t i f i c i a l  l i f t  sys t ems • • . •  9 3  
d e s c r i p t ion • • • • • • • • • • • •  6 l , 6 3  
e nv i ro nmen t a l  cos t s  • •  2 0 l , 2 0 5  
e nv i ro nmen t a l  e f fe c t s  • • . •  l 6 4 ,  

2 0 3  
f ac i l i ty s i t i ng • • • • • •  5 5 7 - 5 5 9 , 

5 6 7 - 5 7 1  
h e av y  o i l  • • • • • • • • • • • • •  1 7 0 - 1 7 1 
l e a s i ng g ov e rnme n t  

l a n d s  . . . . . . . . . . . . . . . . . .  1 2 7 , 
1 2 9 -1 3 0 , 1 3 3 - 1 3 8 ,  1 5 1- 1 5 3 , 
1 5 7  

ma i n te n an c e  • • • • • • • • • • • • •  9 3 - 9 9  
o f f s hore • • • •  8 4 ,  1 4 4 - 1 4 5 ,  1 5 3-

1 5 5 ,  1 5 7 , 1 6 5 - 1 6 6 ,  1 7 3 , 
1 8 4 , 4 9 8 -4 9 9  

onshore • • • • • • • • • •  l 6 9- l 7 1 , 1 8 4  
pe rmi t t i ng proc e s s  • • •  l 3 8 - l 4 3 ,  

1 4 5 ,  1 5 3 -1 5 5  
proc e s s  • • • • • • • • • • . • • • • • •  9 0 - 9 3 
space r e q u i r emen t s  . • • • • • • •  l 0 3  
sp i l l s  • • . •  l 7 7 , 1 8 0 ,  1 8 4 ,  4 9 8 -

4 9 9  
wa s t e  man ag emen t  • • • •  l 7 7 ,  1 8 0 , 

2 0 2 - 2 0 5  
wa ter pol l u t ion • • • • • • •  3 5 , 9 0 , 

1 5 4 , 1 5 5 , 1 7 7 , 1 8 0 , 1 8 2 - 1 8 4  



Prod uc t ion P l an s , Dev e l opme n t  
and • . • • • • • • • • • •  l 5 8 ,  1 6 5 - 1 6 6  

propane • . • • • • • • . . • • . • • • • • • • •  l 0 2  
proposed No t ic e  o f  S a l e  • • • • •  l 5 2 
pumps • . • • • . • . . • • • • . • • • . • • • • •  2 7 1  

R 

RACT . See  Rea sonably Ava i l ab l e  
Control Te chnol og y  

r a i l road transpo r t a t ion • • • •  3 4 5-
3 4 6 , 3 6 0 , 3 7 8  

RARE I I  progr am . S e e  Road l e s s  
Ar e a  Rev iew a nd Ev a l ua t ion 
progr am ,  s econd 

r aw make . . . . . . . . . . . . . . . . . . . .  1 0 2 
RCRA . See  Re s ource 

Con serv a t ion and Re cov e ry 
Ac t o f  1 9 7 6  

r e arrang i ng proc e s s e s  
c a t a l yt i c  r e form i ng • • • • • •  2 3 0-

2 3 2 , 2 8 5  
i some r i za t ion • • • • • • • • • •  � • •  2 3 2  

Re asonably Av a i l ab l e  Control 
Te c hnolog y  ( RACT ) • • • • • • •  3 6 4  

r e c e iv i ng and d i s t r ib u t ion 
sys t ems • • • • • • • • • • • . • • • • •  2 4 5  

Re c l ama t io n  Ac t o f  1 9 0 2  • • • • •  1 1 5  
re f i n e ry o f f s i te f ac i l i t ie s  

cool i ng wa ter sys tems • • • •  2 4 4 -
2 4 5  

f ire control sys t ems • . • • • •  2 4 5  
flare and b l owd own 

sys tems • • • • • • • • • • • •  2 4 2 , 2 4 4  
rece iv i ng and d i s tr ib u t ion 

sys tems • • • • • • • • • . • • • • • • •  2 4 5  
s t e am g e n e ra t i ng 

sys t ems • . • • • • • • • • . • •  2 4 1-2 4 2  
s to r ag e  tanks • • • • • • • . • • . • •  2 4 1  

r e f i n ing ope r a t ions 
a ir pol l u t ion • • . • •  4 ,  3 0 ,  2 2 0 ,  

2 4 6 -2 5 8 ,  2 6 1 - 2 6 3 , 2 6 5 - 2 7 2 , 
4 5 3 , 5 7 6 - 5 7 7  

a ux i l i ary ope r a t i ng 
fac i l i t ie s  • • • . •  2 2 0 ,  2 3 5 - 2 4 1  

b ackg round • • • • • • • • • • •  2 1 7 , 2 2 0  
b lend i ng hyd roc arbon 

prod uc t s  • • • • • • • • • . •  2 2 0 , 2 3 5  
e f f l ue n t  mon i to r i ng • • .  2 9 7 - 2 9 8  
e nv i ronme n ta l  cos t s  • •  2 4 9 ,  3 0 9  
e nv i ro nmen t al e f fe c t s  • • • •  2 4 7 -

2 4 9 , 2 7 9 -2 8 0 , 2 8 2 , 5 1 7 - 5 1 8  
fac i l i ty s i t i ng • • • • •  5 5 2 ,  5 5 7 ,  

5 7 1 - 5 7 2 , 5 7 4 - 5 7 7  

ha z a rd o u s  ma t e r i a l s  • • • • • •  2 7 8 , 
2 9 8 -3 0 7 , 4 8 0 , 4 8 1  

h yd roc a rbon c o nv e r s ion • • •  2 2 0 , 
2 2 4 -2 3 2  

o f f s i te f ac i l i t i e s  • • • • • • •  2 2 0 , 
2 4 1 - 2 4 5  

o i l  recov e ry • • • • • • • • • • • • • •  2 9 7  
proc e s s  s teps • • • • • • • • •  2 2 0 - 2 2 l  
separ a t ion o f  c r ud e  o il • • • • • •  

2 2 0 - 2 2 3  
sp i l l s  • • • • • • • • • •  2 7 8 ,  4 8 0 , 4 8 1  
tre a tmen t  o f  c r ud e  o i l  

f r a c t ions  • • • • • •  2 2 0 , 2 3 3 - 2 3 5  
wa s t e  manag eme n t  • . • •  2 9 6 ,  2 9 8 -

3 0 9  
was te wa t e r  sourc e s  • • • •  2 8 2 - 28 6 
wa s tewa t e r  t r ea tmen t  • • • • •  2 2 l , 

2 8 6 - 2 9 6  
wa t e r  po l l u t ion • • • • • • •  4 ,  2 2 0 , 

2 7 2 - 2 8 0 ,  2 8 2 - 2 8 6 , 2 8 8 - 2 9 8 , 
4 9 7 , 5 1 7 - 5 1 8 , 5 7 7  

re f r ig e r a t ion • • • • • • • • • • • • • . •  3 8 9  
r e f ue l i ng emi s s ions . • • • • . • . •  3 9 9  
Re f u s e  Ac t o f  1 8 9 9  • • • • • • • • • •  2 7 3  
Reg ional Re s ponse T e am 

( RRT ) • • • • • • • • • • • • • •  4 8 9 , 4 9 2  
Ren ewab l e  Re source Progr am • •  l l 6 
r epa ir s . S ee ma i n te nance 
re-re f in i n� • • • • • • • • • • • . . • •  4 3 3  
r e s e rv e  p i ts • • • • • • • . • • •  l 7 4 , 1 7 6  
re s e rv e s . S e e  r e sources 
Re source Conserv a t i o n  and 

G - 1 9  

Rec ov e ry A c t o f  1 9 7 6  
( RCRA ) 

c o s t  e f fe c t s  • • • • •  4 4 ,  2 0 2 ,  3 0 9  
d e sc r ip t i o n  • • • • •  5 ,  3 6 -3 7 , 2 9 8  
d r i l l i ng wa s te 

e x empt io n  • • • • • • • • • . •  1 8 7 - 1 8 8  
e f fe c t s  • • • •  3 0 2 ,  3 0 3 ,  3 0 5 ,  3 0 8  
E I S  r e q u i r eme n t s  and • •  5 4 8 - 5 4 9  
g ro undwa t e r  pro t e c t ion 

prov i s i o n s  • • . • • • • • • • • • • •  4 0 3  
h a zardous was t e  l i s t  • •  2 9 9 - 3 0 0  
wa s t e  f ac i l i ty 

prov i s ions • • • • • • • • • • • . •  3 0 2 , 
3 0 3 , 3 0 5 , 3 0 7 -3 0 8 , 5 4 8 - 5 4 9  

wa s t e  o i l prov i s ions • • • . • 3 0 0 , 
4 3 1 , 4 3 2 

Re source Manag emen t  P l a n s  
( RM P ) • • • •  l l9 , 1 2 4 , 1 3 5 ,  1 3 6  

re sources 
conv e n t ional  • • • • •  l 0 5 - l 0 8 ,  1 2 0  
enhanced o i l r e c ov e ry • • • • •  l l l  
f e d e r a l  l and s . • . • • • . • • • . . •  l 2 0  
t igh t  ga s  r e s e rv o i r  • •  l 0 8 ,  1 10 



r e source-spe c i f i c  l ease 
s t ip u l a t ion s • • • • • • . •  l 3 3- 1 3 4  

r ig h t s-of-way 
corr idor r ev i ew • • • • • • •  l 4 1- 1 4 2  
d r il l i ng • • • • • • • • • • • . • • • • • • •  7 5  
p i pe l i n e  • • • • • . • • •  1 4 1- 14 2 ,  3 3 5  

RMP . S e e  Re source Man ag eme n t  
P l an 

Ro ad l e s s  Are a  Rev iew a nd 
Ev a l ua t io n ( RARE I I )  
prog r am , s e cond • • • • • • • •  l l7 , 
1 2 2 ,  1 2 4 ,  1 3 0  

Ro ta t ing B i ol og i c al 
Con t a c to r s  • • • • • • • • • • • • • •  2 9 3  

rota t i ng sys tems • • • • • • • • • •  7 0 - 7 1  
RRT . S e e  Reg ional Re s ponse 

Te am 
runo f f  • • • • • . •  l 8 1 , 2 8 5 ,  4 0 3 -4 0 4 ,  

4 1 8 , 4 2 0 - 4 2 1 , 4 9 5 -4 9 6  

s 

S a fe Dr i nk i ng Wa t e r  Ac t • • • . •  3 5 -
3 6 , 4 0 3  

s a f e ty d ev ic e s  
d i s tr ib u t ion sys tem • • • • • • •  3 1 8  
d r i l l i ng • • • • • • • • • •  8 6 , 1 7 5 - 1 7 6 
n atur al g a s  proce s s i ng • • • •  l 8 2  
o f f s hore oper a t io n s  • • • • • • • •  9 1  
p i p e  1 i n  e s • • • • • . • • • • • • 3 4 0 , 4 2 5 
prod uct ion ope r a t ion s • • • • • •  9 1  
r e f i n i ng . . . . . . . . . . . . . . . . . .  2 7 0  
s p i l l  pr ev e n t ion • • • • • • • • • •  1 8 0  
s to r ag e  fac i l i t i e s  • • . •  3 2 6 - 3 2 7  
vapo r  c o l l e c t ion sys t ems . •  3 8 6  

s and control • • • • • • • • • • • • • • • • •  9 4  
s a n i t a ry wa s t e s  • • •  l 8 6 ,  2 8 6 ,  4 0 8  
Santa Barbara b l owou t  • • • • • • •  4 9 9  
Santa Barbar a C o unty Board 

of S up e rv i so r s  • • • • • • • • • •  5 6 8  
Santa Barbar a Coun ty P l ann i ng 

Comm i s s ion • • • • • • • • • • • . . •  5 6 8  
Santa Yne z  Un i t  • • • • • • •  1 6 5 ,  5 5 6 , 

5 5 9 , 5 6 7 - 5 7 1  
s a t ura tor tanks • • • • • • • • • • • • • 3 8 7  
SCOT proce s s .  S e e  S h e l l  C l aus  

O f f-Gas Tre a t i ng proce s s  
S e ad ock d eepsea por t  • • • • • • • •  5 5 7  
s e a  l i fe . S e e  mar in e  ecology 

h a z a r d s--

s e a l  sys tems • • • • • • • • • • • • • • . •  3 7 8  

G- 2 0  

secondary c l ar i f ic a t ion • • • •  2 9 3-
2 9 4  

s econdary r e c ov er y  • • • • • • • • • • •  9 6  
s econd ary t r e a tm e n t  • • • •  2 9 1 - 2 9 4 , 

2 9 6  
S e c t ion 4 0 2  p e rm i ts . S e e  

Na t ion a l  Pol l u ta n t  D i s­
charge E l im i n a t io n  Sy s tem 
( NP DE S ) pe rm i t s  

Sec t ion 4 0 4  p e rm i ts . S e e  
d r ed ge a nd f i l l  pe rm i t s  

s e d ime n t a t i o n  • • • • • • • • • • • • • • •  5 0 5  
s egrega ted b a l l a s t  t a nk s  • • •  3 9 5 , 

4 1 1  
s egrega ted p i pe l i n e s  • • • • • • . •  3 3 7  
se i sm i c  s t ud i e s  • • • • •  6 4 - 6 5 , 1 4 9 , 

1 6 7  
s e l e c t iv e  c a talyt i c  r e d uc t ion • •  

4 6 2  
se l f- e l ev a t i ng r ig s  • • • • • • • • • •  7 6  
s em i s ubme rg e d  s to r ag e  • • • . • • •  3 2 4  
s em i s ubme r s i b l e  r ig s  • • • •  7 6 , 8 0 , 

1 6 8 
sem i s ubme r s i b l e s  • • • • • • • • • • • •  3 4 4  
separat ion 

c rud e o i l • • • • • • • •  2 1 7 , 2 2 0 -2 2 3  
n a t ur a l  g a s  proc e s s i ng • • . •  l O O  
pro c e s s  wa t e r  • • • • • • • • •  l 8 1- 1 8 2  
prod uce d  wa t e r  • • •  9 0 , 9 2 ,  1 8 0 ,  

18 6 
r e f i n i ng prod u c t s  • • • •  2 3 0 , 2 3 2  
wa s tewa t e r  t re a tm e n t  • • • • •  2 8 9 ,  

2 9 6 ,  2 9 7 ,  4 1 8 , 4 2 0 , 4 2 1  
s e rv i c e  s t a t ions  

emi s s ions • • • • • • • •  3 9 9 - 4 0 1 , 4 3 5  
l e ak s  . • • • • . • • • • • • • • • • •  4 2 7 -4 3 0  
u s ed o i l h a nd l i ng • • • • • • • • •  4 3 3  

s e t t l i ng chambers • • • • • • • • • • .  4 5 7  
S h e l l  C l au s  O f f-Ga s Tre a t i ng 

( S COT ) p ro c e s s  • • • • •  l 7 1 ,  2 6 3  
S he l l  O i l  C ompany • • • • • •  l 6 5 ,  4 3 2  
s h i ph and l i ng s im u l ators • • • • •  4 1 4 
sh i p s . S e e  v e s s e l s  
short l o ad i ng • • • • • • • • • • • • • • •  3 9 5  
S ie rr a  C l ub v s . B ut z  • • • • • • • •  l 2 2  
S I P . S e e  S t a te Imp l eme n ta t i o n  

P l an 
s i te - s pe c i f i c l e a s e  

s t ip u l a t ions • • • • • • • •  l 3 3- 1 3 4  
s k immer s  • • • • • • • • • • • • • • • •  4 8 6 - 4 8 8  
s l ow l o ad i ng • • • • • • • • • • • . • • • •  3 9 5 
smoke • • • • • • • • • • • • • • • • • • • • • • •  4 7 1  



S Ox · S e e  S u l f ur ox i d e s  
em i s s ions 

soc i o-econom i c  i s s ue s  • • • • • • • • •  ? 
Soh io proj e c t , PACTEX • • • • • • •  5 5 7  
so i l  b iod egradat ion • • • • • . • • •  l 7 5  
SOLAS 1 9 7 4  • • • • • • • • • • • • • • •  4 2 ,  4 3  
SOLAS Protocol 1 9 7 8 • • • • • • •  4 2- 4 3  
Sol id Wa s t e  D i spo s a l  Ac t • • . .  4 3 l  
sonar s urveys • • • • • • • • • • • • • . • •  6 4  
sorbents • • • . • • • • • • • • • • •  4 8 7 , 4 8 8  
sour g a s  t re a t i ng • • • • • •  l 7 1 , 2 3 9  
sour wa te r s t r ipp i ng • • •  2 4 0 - 2 4 1 , 

2 8 8 ,  2 8 9 ,  2 9 3 
South C e ntral  Reg ion Coastal  

Commi s s ion • • • • • • • • • • • • • •  5 6 8  
SPCC . S e e  S p i l l  P r ev en t ion 

Con t rol and Counte r­
me a s ur e  P l an s  

spent c au s t i cs • • • • • • • • • • • • • •  2 8 9  
S p i l l P r ev e n t ion , Control and 

Counte rmeas ure P l ans 
( S PCC )  • • .  2 7 8 , 4 2 1-4 2 2 , 4 3 5 , 
4 8 0  

s p i l l s  
c ompe n s a t ion f o r  • • • •  4 0 9 ,  4 1 5-

4 1 8  
con t i ngency pl ann i ng • • . . • •  3 5 ,  

2 7 8 , 4 2 1 -4 2 3 , 4 3 5 , 4 7 9 , 
4 8 0 ,  4 9 1-4 9 3  

control • • • •  l 8 0 , 2 7 8 , 4 0 5- 4 0 6 , 
4 0 8 -4 1 5 ,  4 2 1- 4 2 7 ,  4 7 9 ,  4 8 0 ,  
4 8 4 , 4 8 6 - 4 9 1 , 5 1 1 - 5 1 2  

cyc l e  o f  chang e s  • • • • • •  5 0 4- 5 0 6  
d e f i n i t ion • • • • • • • . • • • • • • • .  4 0 4  
d i s tr i b u t ion ope r a t ions • •  4 0 2-

4 0 4 , 4 2 1-4 2 3  
d r i l l i ng ope r a t ions • • • • • •  l 5 7 ,  

17 7 ,  1 8 4 , 1 8 8 , 4 9 8 - 4 9 9  
e nv i ro nmen t al e f fe c t s  • • • •  5 - 6 ,  

4 0 3 , 4 0 4 , 4 8 9 -4 9 1 , 5 0 5 , 
5 0 7 - 5 2 4  

explorat ion ope r a t ions • • • •  l 5 7  
h a za rd ou s  mate r i a l s  • • •  6 ,  2 7 8 ,  

4 7 9 -4 8 1  
inc ident 

charac ter i s t i c s  • • • • • • • •  l 7 7 ,  
4 8 0 -4 8 1 , 4 8 4  

i n ternat ional 
conv en t io n s  • • • • • • • • • • •  3 8 - 4 3  

l and • • • • • • • • • . • •  l 8 4 , 4 0 3 , 4 8 9 
nat ur a l  g a s  plants • • • • • • • •  l 8 2  
of f shore • • • • • • •  l 8 4 , 1 8 8 , 2 7 8 , 

4 0 4 -4 0 6  
p ipe l in e  • • • • • • • • • • • • • •  4 2 3- 4 2 7  

G- 2 1  

prod uc t io n  oper a t ions  • • • •  l 7 7 , 
1 8 0 ,  1 8 4  

r e f in i ng ope r a t ions  • • • • • • •  2 7 8  
r epo r t i ng r eq u i r em e n t s  • • • •  3 5 ,  

1 8 4 , 1 8 8 ,  4 0 4 ,  4 7 9 ,  4 8 0  
source s  • • • • • • •  3 8 -4 3 , 4 0 4 -4 0 5 ,  

4 0 7 -4 0 8 ,  4 1 0 - 4 1 1 , 4 7 9 ,  
4 9 3 -5 0 0  

s yn the t ic f ue l  • • • • • • • • • • • • • •  7 
v e h i c l e  r e f u e l i ng • • • •  3 9 8 , 3 9 9  

s p l a s h  load i ng • • • •  3 7 9 ,  3 8 1 , 3 9 8  
s taged comb u s t ion • • • • • • • • • • •  4 6 1  
S tandard s o f  Tra i n i ng , 

C e r t i f i c a t io n  and 
Wa tchke e p i ng for 
S e a fa r e r s  ( S TCW ) • • • •  3 9 ,  4 3 , 
4 0 7  

s tand i ng s to r ag e  l o s s e s  • • • • •  3 7 7  
s ta t e  c e r t i f i c a t ion • • • • • • • • • •  3 5  
s ta t e  cons i s te nc y  

c e r t i f ic a t ion • • • • • • •  l 5 8 - l 6 0 
S t a te Depar tme n t  • • • • • • • • • • • •  4 1 7  
s t a te reg u l a t ions 

a ir po l l u t io n  • • • • • • •  3 6 3 , 3 6 4 , 
3 9 5 - 3 9 6  

coas t a l  zone 
man agement • • • • • • • • • •  l 5 8 - l 5 9 

f ac i l i ty s i t i ng • • • • •  5 4 3 , 5 5 1-
5 5 6 ,  5 6 8 - 5 7 0 

g roundwa t e r  protec t ion • • • •  4 0 3  
h a zardous wa s te • • • • • • • • • •  2 9 9 ,  

3 0 5 ,  3 0 7  
l a n d - u s e  . . . • . . . . . . • . . . . . . .  5 5 1  
mar i n e  s a n c t uary r o l e • • • • •  l 6 3  
wa s t e  o i l . . . . . . . . . . . . • . . . .  4 3 3  
wa ter po l l u t io n  • • • • • •  l 7 6 - l 7 8 , 

1 8 2 , 1 8 4 ,  2 7 7 , 4 2 0 ,  4 2 5  
S tate Impl eme n t a t i o n  P l an 

( S I P ) • • • • •  2 7 ,  3 1 , 2 4 6 ,  3 6 4 , 
4 6 5 , 4 7 4 , 5 5 7  

s ta t e  l a n d s  • • • • • •  l 2 6 , 1 3 0 ,  1 3 6 ,  
14 3 

s ta t e  r ev iew 
f iv e-ye ar l e a s i ng 

sched u l e  • • • • • • • • • • •  l 4 6 ,  1 4 9 
o f f shore p e rm i ts • • • • • • • • • •  l 5 4  

s t a t ionary so u r c e  emi s s ions 
ac id r a i n  and • • • • • • • • •  5 8 8 - 5 8 9  
c a rbon mono x i d e  • • • • • • •  4 6 2- 4 6 4  
hyd roc arbons . • • • • • • • • • • • • •  4 6 4 
n i troge n  o x i d e s . •  4 5 8 ,  4 6 1- 4 6 2  
p ar t i c u l a t e  • • • •  4 5 2 , 4 5 4 , 4 5 6 -

4 5 8  
r eg u l a t i o n s  • • • • • • • • • •  4 5 2 , 5 4 8  



sour c e s  . • • • • • • . • • • . • • . • • • •  4 4 5  
s u l f ur o x ide s • • • • • • •  4 4 5 ,  4 5 0 , 

4 5 2 - 4 5 4  
STCW . See S tand ards  of 

Tr a i n i ng , Ce r t i f i c a t io n  
a n d  Wa tchke e p i n g  for 
S e a f a r e r s  

s te am g e n e r a t ing s y s t ems • • •  l 7 0 -
1 7 1 , 2 4 1- 2 4 2  

s t e am i n j e c t ion • • • •  9 7 ,  1 7 0 , 4 6 1 
s te am re form i ng p ro c e s s  • • • • •  2 3 6  
s tep aera t ion proce s s  • • • • • • •  2 9 3  
s t im u l a t ion • • • • • • • • • • • • • •  8 7 ,  9 4  
s torag e  

a i r  pol l u t ion • • • • • • • • •  3 6 8 - 3 6 9  
au toma t ion and s a f e ty • • • •  3 2 6 , 

3 2 9  
e nv i ronme n ta l  cos t s  • • • • • • •  4 3 5  
e nv i ro nmental e f fe c t s  • • • •  4 0 2-

4 0 4  
e x t e r n a l  floa t i ng roof 

tanks • • • • • • • • • •  3 6 9 , 3 7 7 - 3 7 8  
f ac i l i t ie s  • • • • • • • • • • • •  3 1 9 - 3 2 2  
f i x ed roof tanks • • • •  3 7 1 , 3 7 4 , 

3 7 5 ,  3 7 7  
h yd roc arbon v apo r l o s s 

me chan i sm • • • • • • • • • • •  3 7 4 - 3 7 5  
i n ternal f l o a t i ng roo f 

tanks • • • . • • • • • • • • • •  3 7 2 ,  3 7 7  
o ff shore • • • • • • • • • • • • • •  3 2 3 -3 2 6  
ove rv i ew • • • . • • • • • • • • • •  3 17 - 3 19 
pr e ss u r e  tanks • • • • • • •  3 7 3 , 3 7 8  
sp i l l s  • • • • • •  4 0 3 - 4 0 6 ,  4 2 1 -4 2 3 , 

4 8 0 , 4 8 4  
te rm i n a l s  and bulk 

pl ants • • • • • • • • • • • • • •  3 6 0 - 3 6 1  
var i ab l e  vapo r  s pace 

tanks • . • • • • • • • •  3 7 3 - 3 7 4 , 3 7 8  
und e rg round c av er n  • • • • • • • • •  3 5  
wa s te managem e n t  • • • • • • • • • •  4 3 0  
wa ter pol l u t ion • • • • • •  3 5 ,  4 0 4-

4 0 6 , 4 1 8 , 4 2 1 - 4 2 3  
s to r ag e  t a nks 

c le a n i ng • • • • • • • • • • • • • • • • • •  4 3 0  
d i s c h a rg e s  • • • • • •  2 8 6 , 4 2 0 ,  4 3 5  
em i s s ions • • • • • • •  3 9 7 , 3 9 8 , 4 3 5  
f ibe rg la s s-re i n forced • • • • •  4 2 9 
r e f i ne ry . . . . . . . . . . . . . . . . . .  2 4 1  
s te e l  • • • • • • • • • • • • • • • •  3 2 0 ,  4 2 7  
s ubmerged • • • • • • • • • • • •  3 2 4 , 3 2 6  
unde rg round • • • • • • • • • • • • • • •  3 5 ,  

3 9 7 , 3 9 8 , 4 2 7 -4 3 0  
s to r ag e  te rmina l s  • • • • • •  4 2 5 ,  4 3 5  
s torage v e s s e l s  • • • • • • • • • • • • •  2 4 6  

G - 2 2  

s tr ing e r s  • • • • • • • • • • • • • • •  3 4 3 -3 4 5  
s ub-econom i c  und i s c ov e r ed 

resou r c e s  • • • • • • • • • • • • • • •  l 0 7  
s ubme rg ed load i ng • •  3 7 9 -3 8 2 ,  3 9 8  
s ubmerg ed s to r ag e  • • • • • •  3 2 4 , 3 2 6  
s ubmer s ible  r ig s  • • • • • • • • • • • • •  7 6 
s ub s ur face s a f e ty v a lv e s  • • • • •  9 1  
s uc t ion sk immer s  • • • • • • • • • • . •  4 8 7 
s ul f ur compound s • • • • • •  l 8 1 ,  2 5 8 , 

2 6 1- 2 6 5  
s ul f ur ic ac i d  a lkyl a t ion • • • •  2 8 5  
s ul f ur o x i d e s  ( SOx ) emi s s ions 

ac id r a i n  and • • • •  5 8 6 , 5 8 8 - 5 8 9 
automo t iv e  f u e l  • • • • • • • • • • •  4 6 5  
con tro l  • • • • • • • • • •  l 7 1 , 4 5 2 - 4 5 4  
d i s t r ib u t i o n  ope r a t ions • •  3 6 5 , 

3 6 6  
d r i l l i ng ope r a t ions • • • • • • .  l 6 8  
o f f s hore ope r a t ions • • • • • • •  l 6 8  
prod uc t io n  oper a t ions • • • •  l 7 0 , 

1 7 1  
r e f in i ng ope r a t ions • • •  4 ,  2 4 7 -

2 4 9  
r eg u l a t ions • • • • • • •  2 7 -2 9 ,  4 4 5 , 

5 8 8 - 5 8 9  
sources • • • • •  4 ,  1 6 6 ,  1 6 8 ,  4 4 3 , 

4 4 5 ,  4 5 0 , 4 5 2 ,  4 5 3 ,  4 6 5  
s u l f ur recov e ry p l a n t s  • • • • •  l 7 1 ,  

1 3 9 ,  2 3 9 ,  2 4 6 ,  2 4 9 ,  2 5 8 -
2 5 9 , 2 6 1 - 2 6 2 , 2 8 8  

s umps • • • • • • • • • • • • • • • • • •  1 7 4 , 1 8 6  
S e e  a l so r e s e rv e  p i t s  

S upe r f und . S e e  C ompre h e n s ive 
E nv i ronmen t a l  Re spo n se , 
C ompe n s a t ion and L i ab i l i ty 
Ac t o f  1 9 8 0  

s uperv i sory c o n t r o l  
sys t ems • • • • • • •  3 2 6- 3 2 7 , 3 3 6 , 
3 3 8  

s ur face c a s i ng s  • • • • • • • • • •  7 4 , 9 9  
s ur f ace conta i nment 

s ys terns • • • • • • • • • • • • •  1 7 6 -1 7  7 
s ur f ac e- use p l a n s  • • • • • •  l 3 9 ,  1 4 0  
s ur fa c ta n t  f l ood i ng • • • • • • • • • •  9 8  
s u s pe nded s o l i d s  • •  l 9 0 , 1 9 1 , 1 93 
s yn th e t i c  f ue l  p l a n t s  • • • • • •  6 - 7 , 

5 7 7 -5 8 0  

T 

ta i l  g a s  t r e a tmen t  • • • •  l 7 1 , 2 4 0 , 
2 6 2 - 2 6 3 ,  2 6 5  

t ank c a r s  • • • • •  3 4 5 - 3 4 6 , 3 6 0 , 3 7 8  



tank c le an ing • • • •  3 9 5 , 4 1 0 , 4 1 5 , 
4 2 0  

t ank d ra in in g  • . • • • . • • • • • • • • .  2 8 6  
T a nkerman Manual • • • • • • • • • • • •  4 1 4 
Tanke r Own e r s Vo l un tary Ag ree-

men t  Con c e r n i ng L i ab i l i ty 
fo r O i l  Po l lu t i o n  
( TOVALOP ) • • • • • • • • • . •  4 1 5 - 4 1 6  

t anke r s . S e e  v e s s e l s  
Tanke r  S a f e ty and Pol l u t ion 

Pr ev e n t io n  C o n f e r e n c e  • • • •  4 2  
t a nk t rucks 

d e s c r i p t ion • • • • • •  3 4 6- 3 4 7 , 3 6 0  
i n- tr an s i t emi s s ion s • •  3 9 7 - 3 9 8  
l o ad i ng me t hod s • • • • • •  3 7 9 - 3 8 0 , 

3 8 2 ,  3 8 5 - 3 8 7  
v apo r b a l an c i ng • • • • • • •  3 8 1 - 3 8 2  
v a po r  c ol le c t ion • • • •  3 8 2 ,  3 8 5 -

3 8 7  
v a po r  proc e s s i ng • • • • • •  3 8 7 - 3 9 3  

Tanner B a nk s tudy • • • • • • • • • • •  l 9 1  
tapered a e r a t ion proc e s s  • • • •  2 9 3 
TAPS . S e e  Tr ans-Al aska 

P i pe l ine Sys t em 
Tax Law o f  1 9 6 5  • • • • • • • • • • • • •  4 3 3  
te rm i n a l  s tor age • • • • • •  3 6 0 ,  3 8 2 , 

3 8 5 -3 9 3 , 4 9 7 , 5 5 7  
t e r t i ary recov e ry • • • • • • • • • • • •  9 7  
ter t i ary t r e a tme n t  • • • • • • • • • •  2 9 4  
Tex a s  A i r  Con trol Board • • • •  l 6 5 ,  

5 5 7  
the rmal DeNOx · · · · · · · · · · · · · · · 4 6 2  
thermal ox id a t io n . S e e  

i nc i nerat ion 
therm a l  r ec ov e ry proce s s e s  • • •  9 7  
threatened s pe c ie s  • • • • • • • • • •  l 4 3  
t ig h t  g a s  r e s e rv o i r s  • • •  l 0 8 ,  1 10 
Toa O i l  C ompany • • • • • • • • • • • • •  2 2 5  
TOC . S e e  tot a l  o rg a n i c  c arbon 
top load i ng • • • • • • • • . • • • • • • • •  3 8 2 
Torrey C a nyon • • • • •  4 8 9 ,  4 9 7 -4 9 8 , 

5 1 1  
Total o rg an ic c arbon ( TOC )  • •  2 8 3  

S e e  a l so hyd rocarbon 
em i s s ions  

Total  s u s pended par t i c ul a te 
( TS P ) em i s s ions  • • •  4 ,  2 7-2 9 ,  
1 6 6 - 16 8 , 1 7 1 , 2 4 7 - 2 4 8  

S e e  a l s o  par t i c ul a te s  
emi s s ions 

To tal  s u s pe nd ed so l id s  • • • • • •  l 7 6  
S e e  a l so s u s pended sol ids 

TOVALOP .  See  Tanke r Own e r s  
Vo l u n ta ry Ag reem e n t  

G- 2 3  

Conc e rn i ng L i ab i l i ty for 
Oi l Po l lu t io n  

tox ic pol l u ta n t s  • . • • •  5 ,  3 2 ,  3 3 , 
2 7 6 - 2 7 7 , 2 8 2 , 2 9 3 , 2 9 5  

Tox ic S ub s ta n c e s Control Ac t 
( TSCA ) • • • • • • • • • • • • • • • • • •  4 3 2  

tra i n i ng prog r ams 
mar i n e  pe r sonnel  • • • •  4 0 9 , 4 1 3 -

4 14 
p ipe l i n e  p e r so nn e l  • • • •  4 2 6 - 4 2 7  
s p i l l  c l e a n up 

pe rsonnel  • • • • • • • • • •  4 9 2 , 4 9 3  
und e rg ro und t a nk 

manag emen t  • • • • • • • • • • • • • •  4 2 8  
Tran s-Ala s ka P i pe l ine S y s t em 

( TAPS ) • • • • • • • • • • • • • • • • • •  3 3 5 
Tran s i t io n  Manag emen t  

F r amework Pl an • • • • • • • • • •  l l 9  
transpo r tat ion 

a i r  po l l u t ion . • • • • • • •  3 6 3 - 3 6 8 , 
3 7 8 -4 0 1 , 4 6 5  

bal l a s t  wa ter • • • • • • • • •  2 8 5 - 2 8 6  
d i s tr ib u t ion s ys t em • • • • • •  3 2 9 , 

3 3 3 - 3 3 4  
e nv i ro nme n t a l  cos t s  • • • • • • •  4 3 5  
e nv i ronmen ta l  e f fe c t s  • • • •  4 0 2 -

4 0 4 ,  4 6 5 
g a s  t r a n sm i s s io n  • • • • • •  3 5 5 - 3 5 8  
i n te r n a t ional mar i t ime 

conv e n t ions  • . • • • • • • • • •  3 8 - 4 3  
o f f s ho r e  oper a t ions • • •  3 4 2 - 3 4 5  
ov e rv iew • • • • • • • • • . • • • •  3 1 7 -3 1 9  
pe trol e um p i pe l ine s • • •  3 3 4 - 3 4 5  
r a i l  tank c ar s  • • •  3 4 5 - 3 4 6 , 3 7 8  
s p i l l s  • • • • • •  4 0 3 -4 0 6 ,  4 1 5 -4 1 8 , 

4 2 1 - 4 2 3 , 4 8 0 , 4 8 4 , 4 9 7 - 4 9 8  
tank t r ucks • •  3 4 6 -3 4 7 ,  3 7 9 - 3 9 3  
wa s t e  manag eme n t  • • • • • •  4 3 0 -4 3 1  
wa t e rborne • • • • • •  3 4 7 - 3 5 0 , 3 5 5 ,  

3 7 8 , 3 9 3 - 3 9 6 , 4 0 3 , 4 0 6- 4 1 5 , 
4 3 5 ,  4 7 2 -4 7 3 , 4 8 0 ,  4 8 4 , 
4 9 7 - 4 9 8  

wa t e r  pol l u t ion • • • • • •  4 0 2 - 4 1 8 , 
4 2 1 - 4 2 7  

tran s s h i pmen t  t e rm i n a l s  • • • • •  3 4 8  
t r i ckl i ng f i l te r s  • . • • • • • • • • •  2 9 2  
truck transpo r ta t ion • • •  3 4 6 -3 4 7 ,  

3 6 0 
TSCA . S e e  Tox i c  S ub s ta n c e s  

Control Ac t 
TSP . S e e  To tal  s uspended 

par t i c ul at e s  em i s s io ns 
t ub i ng . . . . . . . . . . . . . . . . . . .  8 6 ,  9 9  



u 

U I C  progr am . S e e  underground 
i n j e c t ion con tro l 

ULCC s . See  U l tra Large C r ud e  
Carr i e r s  

Ul tra Large Crud e C ar r i e r s  
( ULC Cs ) • • • • • • • • • • • •  3 4 7 , 3 4 8  

unde rg ro und i n j e c t ion control 
( U I C ) • • • • • • • • • • • • • • • • •  3 5 -3 6 

unde rg round s torage • • •  3 1 9 ,  3 2 0 ,  
3 2 2 , 4 2 7-4 3 0  

und e rwa te r  tents  • . • • • • • • . . • .  4 8 8  
und i scov e red recov er ab l e  

re source s • • • • • • • • • • •  l 0 5 - l 0 8  
Un ion O i l  Company • • • • • • • • • • •  5 5 9  
up flow sand f i l te r s  • • • • • • • • • •  9 2  
U . S .  Army Corps o f  E ng i ne e r s  

d i scharge l im i t a t ion pe rm i t  
rol e . . . . . . . . . . . . . . . . . . . .  2 7 3  

d redge and f i l l  
( S e c t ion 4 0 4 ) perm i ts • • • 3 3 -
3 5 ,  1 8 3 , 4 2 4 ,  5 4 9 ,  5 5 8  

o f f shore l e a s i ng ro l e  • • • •  l 5 1 , 
1 5 3  

sh ipp i ng s a f e ty r o l e  • • • • • •  l 5 1  
U . S .  Bur e a u  o f  Bud g e t  • • • • • • •  l 4 6 
U . S .  Coa s t  Guard 

a ir pol l u t io n  role • • • . • • • •  3 9 6  
ma r in e  per sonnel  

tra i n i ng • • • • • • • • • • •  4 1 3 ,  4 1 4  
o f f shore l e a s i ng ro l e  • • • •  l 5 0 , 

1 5 1 ' 1 5 3  
o il spi l l  rol e  • • • • • • •  4 0 4 ,  4 9 2  
ve s s e l  inspe c t ion s • • • • • • • •  4 1 2 

u . s .  d e epwa t e r  po r t s  • • • •  3 4 8- 3 4 9  
Used O i l  Re cyc l i ng Ac t • • • • •  4 3 0 ,  

4 3 1 ' 4 3 3  
u s ed o i l s  • • • • • • • • • • • • • • •  4 3 1- 4 3 3  
u . s .  F i sh and Wi l d l i fe 

S e rv ice • •  l 4 2 ,  1 4 3 , 1 8 3 ,  5 5 8  
u . s .  For e s t  S e rv ic e  • • • •  l l 5 - l l7 , 

1 2 2 , 1 2 4 , 1 3 4 - 1 3 6 ,  1 4 1- 1 4 2  
U . S .  Geo l og i c a l  S urvey 

a ir pol l u t ion 
r eg u l a t ions • • • •  l 5 0 , 1 6 5 - 1 6 6  

d r il l i ng r eg ul a t ions • • • • • .  6 6 ,  
1 3 8 - 1 4 1 ,  1 5 3 , 1 8 4 , 5 5 8  

l e a s i ng role • • • •  l 2 9 , 1 3 4 - 1 3 6 ,  
5 6 7  

sp i l l  role  • • • • • • • • • • • • • • • •  l 8 8  
und i scov ered resource 

e s t ima t e s  • • • • • • • • • • • • • • •  l 0 5  

G- 2 4  

USGS . S e e  U . S .  Geol og i c a l  
S urv ey 

u . s .  Me rchan t Mar i n e  
Ac ad emy • • • • • • • • • • • • •  4 1 3 - 4 1 4  

u . s .  S te e l  • • • • • • • • • • • • • •  5 5 4 - 5 5 5  

v 

vac u um d i s t i l l a t ion • • •  2 2 3 , 2 7 0 , 
4 5 3  

v a c u um trucks • • • • • • • • • •  l 7 4 , 1 7 5  
v apor b a lance s y s t em • • • •  3 8 1- 3 8 2 

und e rg round tank f i l l i ng • •  3 9 8  
v e h i c l e r e f ue l i ng • • • • •  3 9 9 - 4 0 0  

v apo r control sys tems 
a s s i s t  • • • • • • • • • • • • • • • •  4 0 0 -4 0 1  
vapo r  c o l l e c t ion • • • • • • • • •  3 8 2 , 

3 8 5 - 3 8 7  
v apo r proc e s s i ng . • • • • •  3 8 7 - 3 9 3  
v e h i c l e  r e f u e l i ng • • • • •  3 9 9 -4 0 1  

v apo r hold e r s  • . • • • • • • • • • • • • •  3 8 7  
vapor proc e s s i ng un i t s  

c arbon ad sorpt i o n  • • • • • • • • •  3 8 9  
compre s s ion-re f r i g er a t io n ­

absorp t i o n  • • • • • • • • • • • • • •  3 9 l  
c ompr e s s i o n- r e f r i g e r a t ion-

cond e n s a t ion • • • • • • • •  3 9 1 - 3 9 2  
l e an o il a b so rp t ion • • •  3 9 2 - 3 9 3  
r e f r i g e r a t i o n  • • • • • • • • • • • • •  3 8 9  
t h e rmal o x i d a t ion • • • • •  3 8 8 - 3 8 9  
type s . . . . . . . . . . . . . . . . . . . . .  3 8 7 

vapo r  r e c ov ery s y s t em s  • • • • •  3 7 7 ,  
3 9 4 - 3 9 5  

v a r i ab l e  v a po r  s pac e 
tanks • • • • • • • • • 3 7 3 , 3 7 4 , 3 7 8 

v e h i c l e  r e f ue l i ng 
em i s s ions  • • • • • • • • • • •  3 9 8 - 4 0 2 

Ve ry Large C r u d e  C a r r i e rs 
( VLC C s ) • • • • • • • • • • • • •  3 4 7 - 3 4 8  

v e s s e l  l ig h te r i ng • • • • • • • • • • •  3 4 8  
v e s s e l s  

b a rg e s  • • • • •  3 2 4 ,  3 4 2 - 3 4 5 ,  3 5 0 , 
3 5 5 , 3 9 3 -3 9 6 , 4 0 9  

col l i s io n s  a nd 
g round i ng s  • • . . . • . . • • . • . .  4 0 8  

d i s c h a rg e s  • • • • • •  4 0 3 ,  4 0 7 -4 0 8 ,  
4 1 0 -4 1 2 , 4 1 4 -4 1 5 , 4 9 7  

emi s s ions • • • •  3 9 3 - 3 9 6 ,  4 7 2 -4 7 3  
1 i c en s i ng • • • • . • • • • • • • • • • • •  4 0 7  
n av i g a t ion t e c hn i q u e s  • • • • •  4 13 
pe r sonne l t r a i n i ng • • • • • • •  4 0 9 ,  

4 1 3 - 4 1 4  
p i pe l i n e  l ay ing • • • • • • • • • • •  3 4 4  



sp i l ls • • •  3 8 -4 3 ,  4 0 6 -4 1 5 , 4 8 0 , 
4 8 4 ,  4 9 7 - 4 9 8  

s to r ag e  • • • • • • • • • • • • • • • • • • •  2 4 6  
tanke r s  • • •  3 4 7 ,  3 4 8 ,  3 5 0 ,  3 5 5 ,  

3 9 3 -3 9 6 ,  4 0 7 , 4 1 3 , 4 3 0 -4 3 1 , 
4 9 7 - 4 9 8  

w a s t e  manag emen t  • • • . •  4 3 0 -4 3 1 , 
4 3 5  

V i rg i n I s l and s Re f i n i ng 
C ompany • • • • • • • • • • • • • • • • •  5 7  6 

v i sc os i ty b r e ak i ng • • • • • • • • • •  2 2 5  
v i s i b i l i ty r eg u l a t ions • • •  8 ,  2 7 , 

1 6 7 ,  4 5 7 , 5 7 9  
VLC C s . S e e  Ve ry Large C r ud e  

Car r i e r s  
VOC . S e e  v o l a t i l e  organ ic 

c ompo u n d s  em i s s ions 
v o l a t il e  hyd roc arbon s • •  5 0 0 - 5 0 1 , 

5 0 4  
v o la t i l e  organ i c  c ompounds 

( VOC ) em i s s i o n s  
controls  • • • • • • • •  1 6 9 ,  1 7 3 ,  4 6 5  
d r il l i ng ope r a t ions • • • • • • •  l 6 8  
prod uc t io n  opera t ion s • • • • •  l 7 3  
r e f i n i ng ope r a t ions • • •  2 4 7 -2 4 9  
r e g u l a t ions • • • • •  l 6 6 ,  2 5 1 , 4 6 5  
sou r c e s  • • . • •  4 ,  1 6 8 ,  1 7 3 , 2 4 7 -

2 4 9 ,  4 6 5  
S ee a l so hyd roc arbon 

emi s s ions 

w 

wa s hd own wa ter • • • • • • • • • •  l 8 5 - 1 8 6  
Wa s h i ng ton E nv i ronme ntal  

Proc e d ur e s Ac t • • • • • • • • • •  5 5 5  
w a s h  wa ter . . . . . . . . . . . . . . . . . .  4 2 0 
was t e  man ag eme n t  

d i s po s a l  me t hod s • • •  5 ,  3 5 ,  9 9 ,  
1 0 3 ,  1 7 4 - 1 7 5 ,  1 7 7 ,  1 8 0 ,  
1 8 2 ,  1 8 6 - 1 8 8 ,  2 8 8 , 2 8 9 ,  
3 0 2- 3 0 3 , 3 7 7 ,  4 3 1  

d i spo s a l  s i t e s • • • • •  l O , 3 6 - 3 7 ,  
3 0 1 , 3 0 3 - 3 0 9 ,  5 4 8 - 5 4 9  

d i s t r ib u t ion ope r a t ions . •  3 7 7 , 
4 1 4 -4 1 5 ,  4 3 0 - 4 3 3  

d r i l l i ng ope r a t ions • • . . . • •  3 6 ,  
1 7 3 - 1 7 5 ,  1 8 4 - 1 8 8 ,  2 0 2 -2 0 5  

e nv i ronme n ta l  cos t s  • • •  3 6 ,  3 7 ,  
3 0 9  

e nv i ronmen ta l  e f f e c t s  • • •  5 ,  6 ,  
2 0 3  

G- 2 5  

h az a rdous m a te r i a l s  • • • • •  5 ,  6 ,  
3 5 -3 7 ,  2 0 2 ,  2 9 8 - 3 0 7 ,  4 3 0-
4 3 1  

l i ab i l i t ie s  • . • • • • • • • • • • • • • •  3 7  
l ub r i c a n t s  • • • • • • •  4 3 1 , 4 7 3 -4 7 4  
n a t u r a l  g a s  p l a n t s  • • •  l 0 3 ,  1 8 2 
prod uc t io n  ope r a t ions • • • • •  9 2 -

9 3 ,  9 9 ,  1 7 7 ,  1 8 0 ,  1 8 4 , 1 8 6  
r e f i n i ng ope r a t ions • • •  2 9 8 -3 0 9  
synth e t ic f ue l  opera t ions 

and • • • • • • • • • • • • • • • • • • • • • • •  7 
wa s te wa te r  t re a tm e n t  

cau s t i c s  . . . . . . . . . . . . . . . . . .  2 8 9  
e nv i ro nme n t a l  c o s t s  • • • • • • •  4 3 5  
d i s in fe c t io n  • • • • • • • • • • • • • •  2 8 6  
d i s so l v ed a ir 

f l o t a t ion • • • • • • • • • • •  2 9 0 - 2  9 1  
e f fe c t iv e n e s s  • • •  2 7 9 - 2 8 0 ,  2 8 2 ,  

2 9 5  
e f f l ue n t  mon i to r i ng • • •  2 9 7 - 2 9 8  
e f f l u e n t  r e u s e  • •  2 8 8 , 2 9 5 , 2 9 6  
equal i za t ion • • • • • • • • • • • • • •  2 9 0  
f l oc c u l a t io n  • • • • • • • • • • • • • •  2 9 0  
f l ow r e d uc t io n  • • • • • • • • • • • •  2 9 5  
h a z a rd o u s  m a t e r i a l s  • • • • • • •  4 8 0  
o il r e c ov e ry • • • • • • • • • • • • • •  2 9 7  
o i l/wa ter s e pa r a t ion • • • • •  4 1 8 , 

4 21 
pr imary s epar a t ion • • • •  2 8 9 -2 9 0  
r e f i n i ng ope r a t ions • •  2 2 1 , 2 4 1  
secondary • • • • • • • • • • • • •  2 9 1- 2  9 4  
s eg r e g a t ion • • • • • • • • • • • • • • •  2 8 6  
sol i d s  r emov a l  • • • • • • • • • • • •  2 9 6  
sour wa t e r  s tr ipp i ng • • • • •  2 8 6 ,  

2 8 8 
t er t iary • • • • • • • • • • • • • •  2 9 4 - 2 9 5  

wa ter f lood i ng • • • • • • • • • • • • • • •  9 6  
wa ter i n j e c t io n  • • • • • • • • • • • • •  4 6 1  
wa t e r  pol l u t ion con t ro l  

d i s t r i b u t i o n  opera t ions • •  4 0 3 , 
4 0 5 -4 0 6 ,  4 2 0 -4 2 7  

d r i l l i ng ope r a t i o n s  • • • • • •  l 7 3 -
1 7 7 ,  1 8 5 - 1 8 8  

g ro undwa t e r  pro t ec t ion • • • • • •  6 
n a t u r a l  g a s  p l an t s  • • • • • • •  l 0 3 ,  

1 8 1- 1 8 3  
o f f s ho r e  opera t ion s • • • • • •  l 8 5 -

1 8 8 ,  4 9 8  
prod u c t ion opera t ion s • • • •  l 7 7 , 

1 8 0  
r e f i n i ng ope r a t ion s • • • • • •  2 8 6 , 

2 8 8 - 2 9 8 
tran s por t a t ion • • • • • • • •  4 0 8 -4 1 5  
S e e  a l so s p i l l s 



water po l l u t ion reg u l a t ions 
adve r s e  e f fe c t s  • • • • •  9 - 1 0 ,  5 10 
c os t  e f fec t s  • • • •  l l , 2 0 1 , 3 0 9 , 

4 3 5  
d i s t r ib u t ion ope ra t ions • •  4 0 3 , 

4 0 4 ,  4 0 6 ,  4 1 8 ,  4 2 0 ,  4 2 4 ,  
4 2 5  

d r i l l i ng ope r a t ion s • . • . • .  l 5 4-
15 5 ,  1 8 2 -1 8 5  

d r i nk i ng wa ter • • • • • • • • • •  3 5 -3 6  
f ac il i ty s i t i ng • • • • •  5 4 8 , 5 4 9 , 

5 7 0  
f r amewo rk • • • • • • • • • • • •  5 ,  3 2 - 3 6  
n a t ur a l  g a s  pl ant s • • . • • • • •  l 8 2  
o f f shore ope r a t ions • • . • • •  l 5 4 -

1 5 5 ,  1 8 4 ,  1 8 5 ,  5 10 
prod uc t ion ope r a t ions • • • •  l 8 0 , 

1 8 2- 1 8 3  
r e f i n i ng ope r a t ions • . • • • .  2 7 2 -

2 7 9 ,  2 8 2 , 2 8 3 ,  2 9 7 - 2 9 8 ,  
5 1 0 , 5 1 7 - 5 1 8  

s ynthe t i c  f ue l  plants  • • • •  5 7 8-
5 7 9  

trans portat ion • • • • • • •  4 0 6 -4 0 8 ,  
4 0 9 , 4 1 0 - 4 1 2  

S e e  al so s p i l l s  
water pol l u t ion sour c e s  

d i s tr i b u t ion ope r a t ions • •  4 0 2-
4 0 5 ,  4 1 8 , 4 2 0 , 4 2 5  

d r i l l i ng ope r a t ions • • • • • •  l 7 3 , 
1 9 8 - 2 0 1  

e nv i ro nmen t al e f fe c t s  • • •  5 ,  6 ,  
17 3 ,  1 9 8 - 2 0 1  

hyd roc arbon s • • • • • • • • • •  4 9 5 - 5 0 0  

l ub r i c a n t s  • • • . . . • • • • • • • • • •  4 7 3  
n a t ur a l  g a s  p l a n t s  • . • • • • • •  l 8 1  
o f f s ho r e  • • • • • • • • • • • • • •  l 8 4 - 1 8 6  
prod uc t io n  opera t ions • • • • . •  9 2 
r e f i n i ng ope r a t ions • • • • . . • •  4 ,  

2 8 2 - 2 8 6 ,  2 9 6  
syn th e t i c  f u e l  oper a t ions • • •  ? 
tran s por tat ion • • •  4 0 6 ,  4 0 7 -4 0 8  

we l l he ad s  • • • • • • • • • • • • • • • •  8 6 , 9 9  
Wel lma n-Lord proc e s s  • • •  2 6 3 , 2 6 5  
we l l  s e rv i c ing r ig s  • • • • • • • • • •  9 3  
We s te r n  O i l and Gas 

As soc i a t ion • • • • • • • • • • • • •  l 5 9  
we tlands  • • • • • • • • • • • • • • . •  3 5 ,  1 8 4  
we t sc r ub b e r s  • • • • • • • • • • • • • • •  4 5 6  
W i l d  and S c e n i c  R iv e r s  A c t  • • •  3 4  
Wi l d e rne s s  Ac t o f  1 9 6 4  • •  1 1 6 -1 1 7  
w il d e rne s s  a r e a s  • • • • • • •  1 1 7 , 1 3 0  
w i l de r n e s s  prog r ams • • • • . • • • •  l 2 5  
W il d erne s s  S t ud y  • . • • • . • . • • • •  1 1 8 
Wi l d e r ne s s  S t ud y  Areas  • • • • •  l 2 4 , 

1 3 4  
w i r e  l in e  l og s • • • • • • • • • • • • • • •  8 5  
wi thdrawal l o s s e s  • • • • • • . • • • •  3 7 7  
work i ng l o s s e s  • • • • • • • • •  3 7 5 , 3 7 8  
workov e r s  • • . • • • • • • • • • • • • • .  9 3- 9 4  
Wor l d  Me teoro l og i c a l  

Organ i z a t ion • • • • • • • • . • • •  5 9  2 

G - 2 6 

z 

" z e r o "  d i scharge  • • • • • • . • • • • .  2 7 8  
zon i ng • • • • • . •  3 0 5 ,  5 5 1 , 5 5 2 , 5 5 5  




